‘o 


~ 


SNA-8-D-027 (IV) REV 1 


i NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Technical Library, Bellcomm, Inc. 
SEP 7 5 1968 
CSM/LM SPACECRAFT 
OPERATIONAL 
DATA BOOK 


VOLUME IV 
_) EMU DATA BOOK 
REVISION 1 
ZAIE PS 
SEPTEMBER 2, 1969 x pO 


sete quasa- ~TM-X- 69018) _CSH/LM SPACECRAFT X73- ~70103 
SOPERATIONAL DATA BOOK. VOLUME 4: EMU 


SIDATA BOOK (NASA) 2 Sep. 1969 341 p 
os Unclas 
00/99 37778 


MANNED SPACECRAFT CENTER 
HOUSTON,.TEXAS _ 


Conecurren 


on 
if 
! 


cSM/IM SPACECRAFT OPERATIONAL DATA 
VOLUME IV 


EMU DATA BOOK 


PREPARED BY 
APOLLO SUPPORT BRANCH 


CREW SYSTEMS DIVISION 


SNA-8-D-027 (IV) REV 1 


BOOK 


ENGINEERING AND DEVELOPMENT DIRECTORATE 


MANNED SPACECRAFT CENTER 


i Oe Ce Kraft, Jr., Difector 
~ Flight Operations 


Ir} 


Crew Systems /Ditvision 


a tae oe 


e A/° Dh. ¢ Approved by * babi} 
Ds Ks ai ton eae i/_ Wo AY Faget, Director 


(flight Crew Operations 


Engineering and Development 


ya iy a 


Approved by | ~_4-- ee OP hah 


fw 


A 


George Me Toe, Manager. Lae 


Apollo Spacecraft Program 


ord 
a 


PREFACE 


This document is the first revision issue of 
the EMU Data Book. This revision incorporates 
Amendments 1 through 22. Amendments released sub- 
sequent to the publication of this revision will 
be numbered sequentially with the next amendment 
number (i.e., 23 and on). 


Be ee 


PEEP PPP PrP Pr rr WWwwwwuww 


Volume IV EMU Data Book 
Table of Contents 


PARAGRAPH 

NO. TITLE 
1.0 INTRODUCTION . 2.2. ee we @ we we ew we wee 
1.1 PUPPOSC. cay fe: Ss, Seles er eh hase slew cel? pes es 
1.2 CONTENT 2:6 | gc igs: te. ie! Se le 8s fee rte ei 8 es ewe 
1.3 Amendments .... «2 2 « «©» © © © © © 2 
Lee Selected Abbreviations ......«+s+-ee- 


EXTRAVEHTCULAR MOBILITY UNIT CONFIGURATION 
Extravehicular Mobility Unit Configuration 
Pressure Garment Assembly Configuration. . 
Constant Wear Garment .....++-e-ee-e 
Liquid Cooling Garment ......+«-+-e-e-e 
Urine Collection and Transfer Assembly .. 
Biomedical Instrumentation System ..... 
Portable Life Support System Configuration 
Oxygen Purge System Configuration ..... 
Feedwater Collection Bag .....++ee-s 
Unit Weights ....s-e«+s-ese2eeveve 


oO 


e 


MOMMA NNNMWNNND 
FO ON NV FWNEH O 


OPERATIONAL CONSTRAINTS AND LIMITATIONS . . 
Crewman/Extravehicular Activity. ..... 
Extravehicular Pressure Garment Assembly . 
Intravehicular Pressure Garment Assembly . 
Portable Life Support System ....... 
Oxygen Purge System... .. 2. ee ee «© o 
Extravehicular Communications System ... 


NVI FWNFr O 


SUBSYSTEM PERFORMANCE DATA .....2e«e-s 
Pressure Garment Assembly oi ie reeves te. fe tes Va 
Liquid Cooling Garment .......e-eo+-s 
UCTA « ew eo ew wo eo ee ew we he 
BIS se? capes Seco ce. ws Ue) ie al ea ee he Se at Se 
PLSS Performance Data .....e... 
1 Extravehicular Communications System ... 
2 PLSS Electrical Subsystem. .......-s 
3 Ventilation Loop ....«.+ «2+ «ce we ee 
a Liquid Transport Loop .......s.se.see. 
2 

6 


ONY UT UT TOT ED 0 FO 


Feedwater Supply Loop. .....+2+-+e-e 
Primary Oxygen Subsystem ..... 2. « 
OPS e e e es . e es Ld a e e s e * 2 2 e e e e 


Appendix - Mission G (Apollo 11) .......e.ee-. 
Appendix - Mission H (Apollo 12):......+2.2e-. 


Amendment 24 


11/12/69 


SNA-8-D-027 


EEE EEE EE PEPE Er WWwWwWwwww 


t t 
PREP PREP RP PRRR 


° 
t 


VMNYNYNYAYNYNYANNND 


I 
PREP RPRPPE 


e e e 


AW FWHEREH WOO ONDWFWNE HE 


° 
t 


WW 


DUBAI EWP b oO 
FOU FD UFP EPP PEEP 


e 
1 


a 


salsa 


1.0 


lel 


Volume IV EMU Data Book 
Introduction 


INTRODUCTION 
Purpose 


This document presents performance information regarding the mission 
capabilities and limitations of the Extravehicular Mobility Unit (EMU). 
This information is intended for use in nominal mission planning and 
to provide the performance characteristics of the EMU during normal 
mission operations. . 
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Content 


The complete Data Book for manned missions will consist of five sepa- 
rate volumes, defines as follows: , 


Volume IT - CSM Data Book - Part 1 Perfomrnace, Part 2 Launch 
Rules 


Volume II - IM Data Book - Part 1 Performance, Part 2 Launch 
Rules ; 


Volume III - Mass Properties Data Book 


EMU Data Book 


Volume IV 
Volume V - ALSEP Data Book 


This volume, Volume IV, is divided into four sections, plus an appendix 
for each individual mission which contains consumable data and perfor- 
mance information for each flight EMU. The volume presents the EMU sys- 
tem and subsystem performance data for Zero-G and lunar excursion mis- 


sions. A brief discussion of the scope of the sections of Volume IV follows. — 


Section 1.0, Introduction 

The introduction describes the purpose and scope of the overall data 

book, and summarizes the content of the remaining sections. It includes 

a list of abbreviations used in this volume. 

Section 2.0, EMU Configuration 

This section contains pictorial representations of the EMU and its sub- 
assemblies. These data are intended as reference material for use through- 
out the data book. 


Section 3.0, EMU Constraints and Operational Limitations 


The restrictions, limitations, and special recommendations on the use 
of the EMU and its subsystems are contained in this section. 


Section 4.0, Subsystem Performance Data 
This section presents data concerning subsystem performance so that the 


mission planner and monitor can be familiar with system capabilities and 
normal operating characteristics. 
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Appendices 


An appendix is presented for each mission. Each appendix presents 
data applicable to specific flight EMU's. PIA data are entered in 
these appendices as it becomes available. The data presented also 
contains consumable information applicable to that mission. 


Amendments 


Amendments to this document will be made by page additions or replace- 
ments. Data changed by an amendment will be denoted by an amendment 
date and number in the upper right-hand corner of the page, and a ver- 
tical bar in the page margin to locate the change. The vertical bar 
will only be used, however, when the change is made to verbal descrip- 
tive material. A revision page identifying the accumulative changes 
that have been made will be issued with each amendment. This page 
should be placed just behind the title page, and will provide an up- 
to-date listing of all amendments. 
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Introduction 
1.4 Selected Abbreviations and Acronyms 
Cc 
CDR Commander 
CM Command Module 
CMP Command Module Pilot 
CSM Command and Service Module 
CWG Constant Wear Garment 
E 
EKG Electrocardiogram 
EMU Extravehicular Mobility Unit 
EV Extravehicular 
EVA Extravehicular Activity 
EVCS Extravehicular Communications System 
EVT Extravehicular Transfer 
F 
F/W Feedwater 
I 
ITMG Integrated Thermal Micrometeoroid Garment 
IV Intravehicular 
L 
LCG Liquid Cooling Garment 
LEVA Lunar Extravehicular Visor Assembly 
LiOH Lithium Hydroxide 
IM Lunar Module 
IMP Lunar Module Pilot 
M 
MSC Manned Spacecraft Center 
MSFN Manned Space Flight Network 
NV 
NASA National Aeronautics and Space Administration 
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1) 
Oxygen Purge System 
P 
Pressure Garment Assembly 
Pre-Installation Acceptance 
Portable Life Support System 
R 


Remote Control Unit 
Radio Frequency 


re] 
Spacecraft 

t 
To Be Determined 
Telemetry 
Transport Water 

U 


Urine Collection and Transfer Assembly 
Ultraviolet 
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EXTRAVEHICULAR MOBILITY UNIT CONFIGURATION 


Extravehicular Mobility Unit Configuration 


Figures 2.1-1 and 2.1-2 show the EMU configuration. The function of 
the EMU is to provide the Apollo extravehicular crewman with a habit- 
able environment with sufficient mobility to perform EVA. tasks for a 
design EVA period of four hours. The system is capable of performing 
in free space or on the lunar surface. It can be replenished from 
IM supplies for performing three additional EVA missions. 
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Figure 2.1-1.- Extravehicular Mobility Unit (lunar 
surface configuration). 
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= Figure 2.1-2 Extravehicular Mobility Unit Major Subsystems 
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Pressure Garment Assembly Configuration 


The PGA consists of a pressure helmet, torso limb suit, gloves, boots, 
and various PGA controls. The function of the PGA is to enclose the 
crewman in a pressurized environment and permit performance of mission 
tasks in vacuum ambient pressure conditions. Two configurations of the ' 
PGA are utilized. The extravehicular (EV) PGA is worn by the LMP and 
CDR for use during EVA. The intravehicular (IV) PGA is worn by the cMP 
for intravehicular operations within the CM. A dimensional view of a 
typical PGA is shown in Figure 2.2-1. 


Pressure Helmet 


The pressure helmet shown in Figure 2.2-2 is a detachable transparent 
enclosure with provisions for feeding, drinking, and LEVA attachment. 


Torso Limb Suit 


The torso limb suit shown in Figure 2.2-3 incorporates a ventilation sys- 
tem shown in Figures 2.2-4 and 2.2-5 which provides a path for oxygen used 
for respiration, helmet defogging, and cooling. A biomedical injection 
patch is included to permit a crewman to self-administer a hypodermic in- 
jection. 


Extravehicular PGA 


The EV PGA shown in Figure 2.2-6 provides the crewman with a pressurized 
environment and thermal and micrometeoroid protection required when worn 
as a subassembly of the EMU for EVA portions of the mission. It incor- 
porates the pressure helmet and torso limb suit discussed in sections 
2.2.1 and.2.2.2 with the following additions. 


(a) An integrated thermal micrometeoroid garment (ITMG), shown in Fig- 
ure 2.2-7, provides protection against temperature extremes, micro- 
meteoroid impact, and ultraviolet rays in addition to fire and 
abrasion resistance. 


(o) A pressure relief valve protects the PGA from overpressurization. 
(c) A removable purge valve, shown in Figure 2.2-8, located in the 
unused outlet gas connector, provides carbon dioxide washout and 


minimum cooling during contingency or emergency operation. 


(a4) Lunar boots, shown in Figure 2.2-9, provide thermal and abrasive 
protection for the PGA/ITMG boots during lunar surface operations. 
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The EV Glove Assembly, shown in Figure 2.2-10, is a protective 
hand covering which is interfaced with the EV PGA prior to egress 
for extravehicular operations. The EV Glove provides increased 
thermal and abrasive protection during EVA. A cover glove con- 
structed of a single layer of silicone coated Nomex is provided 
with each EV glove to provide increased abrasion protection dur- 
ing EV operation of the core driller. Each cover glove is 
fingertip-less to maintain the original tactility of the EV 
glove and has provision for utilizing the EV glove palm restraint 
access flap to secure the cover glove in such a way that access 
to the palm restraint strap is retained. The cover glove is 
required only for the core drilling operation and is expendable 
after that time. 


The lunar extravehicular visor assembly, shown in Figure 2.2-11, 
provides visual attenuation, thermal protection, and micrometeor- 
oid impact protection during EVA. The LEVA also protects the 
pressure helmet from direct contact with the lunar surface during 
accidental impact. a 


Intravehicular PGA 


The IV PGA shown in Figure 2.2-12 provides the crewman with a pressur- 
ized environment when worn as a subassembly of the EMU for IV portions 
of the mission. Beside incorporating the pressure helmet and torso 
limb suit discussed in sections 2.2.1 and 2.2.2, it incorporates an IV 
cover layer. The IV cover layer provides abrasion and fire protection 
for intravehicular activity. 
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Figure 2.2-2 Pressure Helmet 
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NOTE 


The IV torso suit has the 
following items removed: 


= 1. Left inlet and outlet 
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2. Multiple water 
iw aes connector 
ew ike 3. Pressure relief valve 
[——, 4. LM restraints 
| LA “Se 5. Upper and lower 


a Cc 
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Figure 2.2-3 Extravehicular Configuration of the Torso Timb Suit 
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Figure 2.2-4 Ventilation Systems of the Torso Limb Suit 
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Figure 2.2-6 Extravehicular PGA Configuration 
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Figure 2.2-7 “Integrated Thermal Micrometeoroid Garment 
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Figure 2.2-8 Purge Valve 
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Figure 2.2-9 Lunar Boots 
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Figure 2,.2-10 EV Glove 
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Figure 2.e-11 Lunar Extravehicular Visor Assembly 
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Figure 2.2-11 Intravehicular PGA Configuration 
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2.3 CONSTANT WEAR GARMENT . 
The constant wear garment, shown in Figure 2.3-1, is a cotton 
fabric undergarment worn next to the skin under the PGA or 
inflight coverall garment during -intravehicular CM operation. 
Tt provides general comfort and perspiration BUSOEDE TMs and - 
supports the bioinstrumentation system. 


BIOINSTRUMEN TATION 
BELT ATTACHMENT 


) Figure 2.3-1 Constant Wear Garment 
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Liquid Cooling Garment 


The liquid cooling garment configuration is shown in Figures 2.4-1 and 
2.4-2, The LCG is worn by the IM crewman (DR and IMP) during all IM 
operations, and during all EVA portions of the mission, but under nor- 
mal circumstances, is operational only when used in conjunction with the 
PLSS. The LCG provides a means for circulation of water over the crew- 
man's body for removal of metabolic heat. 
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Figure 2.4+-1 Liquid Cooling Garment 
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Urine Collection and Transfer Assembly 


The UCTA, shown in Figure 2.5-1, collects and provides intermediate 
storage of crewman's urine during launch, EVA, or emergency modes -° 
when the spacecraft waste management system cannot be used. 
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Figure 2.5-1 Urine Collection Transfer Assembly a 
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2.6 Biomedical Instrumentation System 


The BIS provides a means for monitoring the biomedical status of the 
astronauts during all phases of the Apollo mission. 
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Figure 2.6-1 Bioinstrumentation System 
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Portable Life Support System Configuration 


The configuration of the PLSS is shown in Figures 2.7-1 through 2.7-6. 
The function of the PLSS is to provide life support, communications, 


’ and telemetry during extravehicular portions of the Apollo mission. 


Thé following life support functions are performed: 


(a) Pressure control 

(b) Breathing oxygen supply 
(c) Ventilation 

(a) Humidity control 

(e) Contaminant control 

(f£) Thermal control 


. The PLSS, ahown schematically in Figure 2.7-7, consists of the follow- 


ing subsystems jointly satisfying the performance requirements of the 
PLSS. A brief description of each subsystem follows. 


Communication and Telemetry 


Three modes of two-way voice communications are provided between the 

PLSS and the IM for relay to MSFN. In addition, an FM link is provided 
directly between the two EV crewmen. The system performance of each 

PISS is monitored in eight areas with the information commutated on one 
subcarrier unique to each crewman, and telemetered to earth via the LM. 

In addition, the EKG information for each crewnan is sampled continuously 
and telemetered to earth via the IM. The various combinations of commun- 
ications modes are pictoriallyrepresented in Figures 2.7-8 through 2.7-10. 
An audible tone is also provided to alert the EV crewman of the occurrence 
of one or more of four unsafe conditions. 


Electrical Supply and Distribution Subsystem 


The PLSS electrical supply and distribution subsystem consists of a re- 
placeable power source (battery) and the necessary controls, terminal 
boxes, current limiters, and wiring required to satisfy the PLSS elec- 
trical requirements. 


Oxygen Ventilating Circuit 


The Oxygen Ventilation Circuit circulates a fresh, refrigerated oxygen 
supply through the PGA. The O5 from the PGA passes to the contaminant 
control assembly where odors, foreign particles, and CO5 are removed. 
The O5 passes then to a sublimator where it is cooled. From the subli- 
mator, it passes to a water separator, then to a fan which circulates the 
Op back to the PGA along with makeup Oo. 
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Water Transport Loop . 


The water transport loop circulates water through the LCG for the 


absorption of metabolic heat and dissipates the heat in the PLSS. 


Feedwater Supply Loop 


The feedwater supply loop provides a supply of expendable water 
used for the dissipation by sublimation of all heat entering into 
or generated by the EMU. 


Primary Oxygen Subsystem 


The primary oxygen subsystem provides a rechargeable supply of gaseous 
oxygen and maintains PGA and ventilation loop pressures at 3.70 to 
4,00 psia during normal extravehicular operation. If leakage goes 

out of specification, causing a high Oo flow, the pressure may drop 
to 3.5 psia. The primary oxygen subsystem contains one pressure 
bottle with a volume of 378 cubic inches. 
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Figure 2.7-1 Portable Life Support System (PLSS) 
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Figure 2.7-3 PLSS (Cont'd) 
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Figure 2.7-7 PLSS Functional Diagram 
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2.8 . Oxygen Purge System Configuration 


The OPS configuration is shown i Figure 2,8-1. The purpose of the 
OPS (shown schematically in Figuré 2.8-2) is to perform short-term 
life support functions in the event of specific EMU failures. The 
- OPS maintains a regulated pressure of 3.4 to 4.0 psia when activated 
during EVA. It contains two pressure bottles with a combined volume 
of 322 cubic inches. 
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Figure 2.8-1 Oxygen Purge System - Major Components 
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Figure 2.8-2 Oxygen Purge System 
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PLSS Feedwater Collection Bag 


The PLSS feedwater collection bag is capable of containing the feed- 
water remaining in the PLSS upon completion of lunar activity. The 
bag' contains a connector which mates with the PLSS feedwater fill 
connector. After accepting the surplus feedwater, the bag maintains 
it in a sealed condition. The bag is designed to be used with a 
spring-type scale to measure the amount of feedwater collected. The 
weighing operation is performed in the lunar environment by a suited 
astronaut. Accuracy of the scale is verified by calibration with 
dead loads and shall be no worse than 3% of full scale in 1/6 g. 


The PLSS feedwater collection bag is constructed of two layers. The 
inner layer is neoprene coated nylon tricot and the outer restraint 
layer is Nomex cloth. The bag is tubular in shape and has a hole or 
scale attachment point at one end and a connector which interfaces 
with the PLSS at the other. The bag holds approximately 5.8 lbs. of 
water at 1g. The feedwater residual after draining into the feed- 
water collection bag is approximately 0.83 lbs. 


Feedwater Usage Analysis 


Since no direct method of measuring feedwater usage in real-time is 
available, the estimated computational accuracy is required. This 
accuracy is determined by comparing the measured feedwater remaining, 
using the feedwater collection bag and scale, and the calculated 
quantity used. The following method is used to determine the error 
of the calculated water usage. 


a. The percent error is determined by 


% Error = Actual Used - Calculated Used y 199 
Actual Used 


A positive percent error indicates that more water was actually 
used than the real-time calculations revealed (under estimate 
of the actual value), whereas a negative percent error reveals 
an over estimate. 


db. The actual water used is determined by weighing the water after 
the EVA and subtracting this plus the residual from the amount 
loaded. The value of the residual is 0.83 lbs. If real-time 
circumstances reveal a sublimator dry out (e.g. early shut off 
of the water valve), metabolic estimations will be continued and 
the initial loading of a subsequent EVA will be adjusted so that 
no error will be attribued to the water usage after the water 
valve shut off. 


Actual Used = Total Loaded ~- Weighed - Residual 
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2.9.1 Feedwater Usage Analysis (Continued) 


on The calculated water used is derived from the Medical Research 
and Operations Directorate's (MROD) assessment of metabolic rate. 
MROD's assessment of metabolic rate is used by FCD in conjunc- 
tion with the equipment and environmental heat loads in deter- 
mining an HoO quantity usage during a given time period, and the 
total calculated used is equal to the total loaded minus the 
remaining quantity at the end of the EVA. 


Calculated Used = Total Loaded - Remaining 
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Table 2.10-1 Unit Weights 


EV-PGA (with ITMG) 
IV-PGA (with IVCL) 


PLSS/EVC-1 (with Oo, Hod, 
Battery, LiOH and RCU). 


PLSS/EVC-2 (with Oo, Hod, 
Battery, LiOH and RCU) 


OPS 

Lunar Boots (pair) 
EV Gloves (pair) 
LEVA 

LCG 

CWG 

UCTA 

FCS 


Bioinstrumentation System 


Communications Carrier 


Feedwater Collection Bag 
(w/o scale) 


h6.47 
35.52 


88.26 


88.14 
41.00 
4.90 
2.50 
4.40 
4.90 


0.90 


0.53 


0.50 
1.10 


1.63 


TBD 


2.10-1 


los 


lbs 


lbs 


lbs 
lbs 
lbs 
lbs 
lbs 
lbs 
lbs 
lbs 
lbs 
lbs 


Lbs 
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2.11 Drinking Bag (In-Suit) 


A drinking bag. is provided to enable the individual crewman to have 
access to approximately 8 ounces of drinking water during an EVA. 

The bag is constructed of 10 mil. polyurethane and has a surgical 
rubber tube which extends into the bag and down one side to the bot- 
tom. There is a bite valve on the end of the tube exterior to the 

bag. The bag has a fill connector at the top on the other side which 
is identical to that used on the food bags. This allows the drinking 
bag to be refilled using the water dispenser/fire extinguisher prior 

to the next EVA. There is a heat seal along the vertical center line 
of the bag which does not extend completely to either the top or bot- 
tom, and prevents the bag from bulging excessively when it is charged. 
The top of the heat seal is used as an indication of a complete fill. 
When the water level within the bag is at the top of the heat seal, the _ 
bag contains approximately 8 ounces of water. Nylon Velcro hook and 
pile is incorporated along the top horizontal edge to provide for mount- 
ing the drinking bag between the comfort liner and bladder of the PGA 
in the chest area. The Velcro of the bag is sandwiched between that 

of the two suit layers at the neck opening. The drinking bag is installed 
in the PGA with the drinking tube on the crewman's left. To obtain 
water, the crewman bites gently on the mouthpiece and sucks the water 

as if using a straw. 
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Operational Constraints and Limitations 


3.1 Crewman/Extravehicular Activity 


' OPERATIONAL LIMITATIONS OR PROCEDURE 


EV=1 Contingency EVA Configuration 
Minimum EMU configuration for EVA is: 


1. - EV-PGA 

2. . Pressure Helmet Assembly 

3. LEVA or Helmet Shield 

hk, EV Gloves 

5.  PLSS/LCG or OPS/Purge Valve 
EV-2 Lunar Surface Configuration 

) Minimum EMU configuration for Lunar EV 

is: 

1. <EV-PGA 

2. Pressure Helmet Assembly 

3. LEVA 

k., EV Gloves 

vic Communications Carrier 

6. Lunar Boots 

Te ICG 

8. Bio-belt Assembly 

9. Bioinstrumentation Assembly 
10.  PLSS/LCG and OPS/Purge Valve 
Tl. Fcs 
12. UCTA 

Note: 


RESULTS OF EXCEEDING LIMITA- 
TION OR NOT FOLLOWING PRO- 
CEDURE , 


EVA crewman safety is come 
promised. Insufficient to 
afford adequate protection 


EVA crewman safety is com- 
promised. Insufficient to 
afford adequate protection 


The PLSS, RCU, LEVA, and OPS are individually interchangeable. 


between crewmen. 


3-1-1 
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3.1 Crewman/Extravehicular Activity (Cont'd) 


OPERATIONAL LIMITATIONS OR PROCEDURE - RESULTS OF EXCEEDING LIMITA- 
TION OR NOT FOLLOWING. PRO- 
CEDURE 


EV-3 Crewman Sweating 
The PLSS Hp0 separator can handle the . N/A 
maximum amount of sweat picked up in 


the gas stream. 


EV-4 Distance from IM ECS 


Crewmen EVA shall never be more than Possible inability of EV ; 

30 minutes from connection to the IM crewman to reach IM ECS be- 

ECS. fore exhaustion of emergency 
‘ Oo supply. 


EV-5 PGA Gas Diverter Valves (2) 


Gas diverter valves must be in Insufficient COo washout 
vertical position for EVA (for 
either OPS or PLSS operation) 


Na 


EV-6 Crewman Carried Objects 


There is no way to describe the full w/A 
range (weight, volume, shape, etc.) — 

of objects which can successfully 

be carried on the lunar surface. 

Parameters vary with individual crew- 

man size and capabilities. 


EV-7 Reconfiguring From OPS to PLSS Operation 


When reconfiguring the EMU from OPS The PGA will depressurize. 
to PLSS operation, the purge valve 

shall be closed and the locking pin 

replaced prior to OPS oxygen shut- 

off. 


"ees 
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Crewman/Extravehicular Activity (Cont'd) 


OPERATIONAL LIMITATION OR PROCEDURE 


EV-8 Total EMU EVA Time 


The total accumulative lunar surface 
EVA time for the EMU shall not ex- 
ceed twelve (12) hours. 


EV-9 Purge Valve Position 


The EVA pre-set position of the Purge 
Valve is in the LOW flow (4.0 lbs/hr) 
position. Use of the OPS for cooling 
purposes requires resetting the Purge 
Valve to HIGH (8.1 lbs/hr). 


EV-10 Maximum Crewman Heat Storage 


Heat storage by crewman's body 
should be limited to 300 Btu. 


3.1-3 


RESULTS OF EXCEEDING LIMITA- 
TION OR NOT FOLLOWING PRO- 
CEDURE 


Exceeds the qualified use 
limits presented in the 
CTR's for Apollo 11 hard- 
ware. 


Time for crewman to react 

is not sufficient if purge 
valve opened to HIGH flow 

and OPS not actuated. 


Possible physical harm or 
discomfort may occur to 
the crewman. 
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3.2 Extravehicular Pressure Garment Assembly 
OPERATIONAL LIMITATION OR PROCEDURE 


EPG-1 Time in Uncooled PGA 


The safe maximum time allowed in an un- 
gooled Pretegress PGA is 30 minutes. - 


NOTE: Helmet, Gloves, and PLSS O5 are on. 
EPG-2 PGA/PISS/OPS Pressure Inte 


With the S/c cabin at 5.0 psia, the max- 
imum allowable pressure decay is 0.3 psi/ 


minute at 8. 8 spatta in PGA. 


EPG-3 LEVA Visor UV Exposure 


Deleted 


EPG-4 Helmet Fogging 


The effective duration of the anti-fog 
compound is “6 hours: ‘2 hrs pre-helmet 
donning and + hrs after helmet donned. 


es 


Amendment 30 
4/13/70 


“RESULTS OF EXCEEDING LIMTTA- 


TION OR NOT FOLLOWING PRO- 
CEDURE 


Heat buildup in the PGA above 
maximum comfort. point. (80°F) 


ity, Checkout 


After extensive study and test, 
it is concluded that there is 
no way to detérmine iin real 
time the leak rate of the PGA 
(EMU). The only purpose accom- 
plished by a pressure integrity 
check is to give confidence 
that gross leaks are not pre- 
sent. 


Obstruction of the crewman's 


vision creating a safety 
hazard. 
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3.2 Extravehicular Pressure Garment pa (conta) 


OPERATIONAL LIMITATION OR PROCEDURE 


EPG-5 Proximity to Thruster Plumes 


only marginal: protection is afforded the | 


LEVA if its proximity to the thruster 
plumes is as close as 5 ft. for 0.5 se¢c- 
onds. 


EPG-6 Gas Connector Dust Contamination 
Excessive dust/dirt contamination of the 
gas connectors may prevent the locking 
ring to be cycled. (See EPG-7) 

EPG-7 Connector Cleansing 

In the event of gas connector contamin- 
ation, the water dispenser should be 
used to clean the connector. The entire 
operation should be loosely surrounded 
by a towel to minimize loose water 
ejected into cabin. 

EPG-8 BYA Glove Contact 


EVA Glove can ‘sustain gripping of 
objects for 3 minutes at 250°. 


EPG-9 Unventilated PGA 

The PGA with helmet and gloves donned 
is limited to 60 seconds without ven- 
tilation. 

‘EPG-10 Helmet Rotation 


Do not rotate helmet pas lock align- 
ment.marks. 


3.2-2 


RESULTS OF EXCEEDING LIMITA- 
TION OR NOT FOLLOWING. PRO- 
CEDURE 


Material will be degraded 
(Reference GE TIR 580-8-7168 ) 


Crewman may not be able to 
reconnect Oo umbilicals to. 
the contaminated gas connector. 


Loose water may be ejected . 
into cabin. } 


Crewman hand becomes uncom- 
fortable. 


“CO buildup in the helmet 


may become excessive. 


Flow of oxygen to the helmet 
may be blocked and the neck 
ring seal and locking dogs 
may be damaged. 


“Sggeseae™ 
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Amendment 29 
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Operational Constraints and Limitations 


Extravehicular Pressure Garment Assenbly (Cont'd) 


OPERATIONAL LIMITATION OR PROCEDURE 


EPG=-11 Time in Pressurized PGA 


In order for the crewman to remain com- 
fortable and function properly during EVA 


’ the uninterrupted time in a pressurized 


PGA should be limited to 8 hours. 


EPG-l2 Helmet Crazing 


Helmet crazing does not present a 
pressure constraint 


EPG-13 Loss of Lunar Boot 


There is no material constraint on 
the PGA boot; however, a potential 
constraint from heat leak to the 
crewman does exist although the onset 
rate will be slow. If the temperature 
becomes uncomfortable, then an effort 
should be made to don the lost boot. 
If this cannot be done, then abort. 
The PGA boot sole should be examined 

5 minutes after lunar boot loss and 
every 15 minutes thereafter. If exces- 
sive abrasion occurs, then abort. 


RESULTS OF EXCEEDING LIMITA. 
TION OR NOT FOLLOWING PRO- 
CEDURE 


Additional time will cause 
excessive fatique and dis- 
comfort and create undesire- 
able risk 


N/A 


The temperature of the 
erewman's foot would exceed 
the comfort level. The PGA 
boot sole is not an integral 
part of the pressure envel- 
ope. 


EPG-14 Cleaning and Lubrication of PGA Seals After Each EVA 


The seals of the PGA gas connectors, 
wrist disconnects, neck ring, and pres- 
sure sealing closure (if the closure 
has been actuated) shall be cleaned and 
lubricated after each EVA. 


3-2-3 


Sluggish operation of the 
connectors and disconnects 
during engagment and disen= 
gagment will occur. 
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Intravehicular Pressure Garment Assembly 


OPERATIONAL LIMITATION OR PROCEDURE 


IPG-1 PGA Pressure Integrity Checkout 


“With the S/c cabin at 5.0 psia, the max- 


imum allowable pressure decay is 0.3 
psid/minute at 8.8 psia in PGA. 


IPG-2 EV Exposure 


EV exposure of the IV crewman is not per- 
mitted without the LEVA or Helmet Shield. 
With the LEVA or Helmet Shield, exposure 

is limited to 30 minutes in earth orbital 
sunlight exposure and 20 minutes in earth 
shadow conditions. 


IPG-3 Helmet Shield UV sure 


DELETED 


TPG-4 IV Glove Contact 


The maximum temperature allowed for IV 
glove contact is 130°F. 


IPG-5 Time in Pressurized PGA 


DELETED 


3.3-1 


Amendment 29 
4/8/70 


™“. 
ae 


RESULTS OF EXCEEDING LIMITA- 
TION OR NOT FOLLOWING PRO- 
CEDURE 


After extensive study and test, 
it is concluded that there is 
no way to determine in real 
time during a mission the leak 
rate of the PGA (EMU). The 
only purpose accomplished by a 
pressure integrity check is to 
give confidence that gross 
leaks are not present. 


Insufficient thermal protection 
to the crewman. 


130°F results in discomfort 
to the crewman. The bladder 
degrades at 160°F. 
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Operational Constraints and Limitations 


Portable Life Support System 


OPERATTONAL LIMITATION OR PROCEDURE 


PLS-1 Loss of Feedwater Pressure 


The PLSS liquid transport Loop will re- 
ject approximately 500 BIU of external heat 
after the feedwater warning tone actuates. 


PLS-2 Deadhead Operation 


There is no constraint on operation of 
the pump or the fan deadheaded in the 
stowed condition. 


PLS-3. Sublimator Freeze-Up 


When EV the pump should be on, and a 
heat load of 250 BTU/hr maintained 
in the liquid transport loop. 


PLS-H Sublimator Start-Up 


For sublimator start-up, the ambient 
should be 1000 microns (.02 psia) or 
less, and the diverter valve should be 
set for minimum cooling. 


PLS-5 Sublimator Restart 


The sublimator can be restarted at any 
time during the drying out process. For 
restart, the pressure should be 1000 mi- 
erons (.02 psia) or less, and the diverter 
valve should be in the minimum cooling 
position (See PIS-4 and PLS-13). 


PLS-6 Operation Without Cooling 
No damage will be sustained by PLSS or 


EVCS components by PLSS operation with- 
out cooling. 


3.4-1 


RESULTS OF EXCEEDING LIMI-_ 
TATION OR NOT FOLLOWING PRO- 
CEDURE ~ 


The temperature of the space 
sait environment will rise 
to an uncomfortable level’ 
(ICG inlet temp 80°F) 


N/A 


The sublimator will freeze 
up and the cooling function . 
will be lost. 


Sublimator breakthrough could 
occur on start-up. 


Sublimator breakthrough could 
occur on restart. ; 
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3.4 Portable Life Support System (Cont'd) 


OPERATIONAL LIMITATION OR PROCEDURE 


PLS-7A IM Repressurization - POS Pressure 


A minimum pressure of .200 psia is required 
in the ,rimary oxygen supply to maintain 
the PGA in a positive pressure condition 
during LM repressurization. 


RESULTS OF EXCEEDING LIMITA- 
TION OR NOT FOLLOWING PRO- 
CEDURE 


The crewman would be required 
to use a slower LM repressur- 
ization to maintain positive 
suit pressure. (Reference 
Figure 4.5-53). 


PLS-7B LM Repressurization - Feedwater Valve Closure 


The feedwater valve should be closed be- 
fore repressurizing the IM. 


PLS-8 Fan and Pump Switch Off. 


Deleted, 


PLS-9 LiOH Exposure to Vacuum 


The LiOH Cartridge should not be exposed 
to an ambient pressure less than 0.5 
psia for more than 15 minutes. (The 
stowed cartridge is sealed to the S$/C 
environment ). 


PLS-10 Diverter Position After Start-Up 


The diverter valve can safely be placed in 
the desired cooling position 5 minutes 
after start-up in the event the pressure 
transducer fails and causes erroneous indi- 
cations (see PLS-4 and PLS-5). 


3.4-2 


Feedwater will be dumped in IM at 

a rate of .176 - .198 1bs/minute at 
a P of 3.8 psia. In any case, 
.288 to .331 pounds of water will 

be dumped upon subsequent LM Depress. 


Exposure to an ambient pressure 


less than 0.5 psia causes the 
water in the LiOH to vaporize 
limiting its use time in the 

EMU to 60 minutes maximum. 


Sublimator breakthrough could 
occur. 
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Operational Constraints and Limitations 


3.4 Portable Life Support System (Cont'd) 


OPERATIONAL LIMITATION OR PROCEDURE 


PLS-11 POS Use After Recharge 


There are no constraints on the use of 


the primary oxygen supply after re- 
charge. - 


PLS-12 POS Contamination. 


There is no minimum pressure required 
to prevent back flow contamination of 
the primary oxygen supply. A filter 
prevents contamination. 


PLS-13 Sublimator Breakthrough 


If breakthrough occurs, these steps 
must be followed in order to accom- 
plish restart: 


1. Close feedwater valve. 

2. Place diverter valve in max. 
cooling position. 

3. Maintain activity for at least 
5 minutes to facilitate subli- 
mator dryout. (See Notes 1 & 2) 

4, Place diverter valve in min. 
cooling position. 

5. Open feedwater valve. 

6. Desired diverter valve position 
may be selected when feedwater 
pressure is acquired indicating 
successful startup. (Approx. 5 
minutes - see PLS-10). 


PLS-14 Pump Shutdown 


Pump shutdown while EVA shall be limited 


to 10 minutes maximum. Pump shutdown 


while inside the unpressurized IM is also 


10 minutes, 


304-3 


‘RESULTS OF EXCEEDING LIMTTA- 


TION OR NOT FOLLOWING PRO- 
CEDURE ~~ 


N/A 


N/A. 


Startup will not occur. 

NOTE 1: The most recent 
flight data indicative of 

a wet sublimator restart 

shows that sublimator dry-out 
is not required for a success- 
ful restart for operation with 
low sublimator heat loads. A 
hot restart (high sublimator 
heat loads) will require sub- 
limator dryout. 
NOTE 2: An indication of sub- 
limator dryout is the decay 
of feedwater pressure below 
the vapor pressure of water 
(0.5-0.7 psia). 


Liquid transport water in sub- 
limator will freeze rendering 
the liguid transport loop in- 
operable. 


SNA-8-D-027 (IV) REV 1 


Amendment 2), 


11/12/69 
Volume IV EMU Data Book 
Operational Constraints and Limitations 
3.4 Portable Life Support System (Cont'd) 
OPERATIONAL LIMITATION OR PROCEDURE RESULTS OF EXCEEDING LIMITA- 
TION OR NOT FOLLOWING PRO- 
CEDURE 
-PLS-15 Diverter Valve Positioning 
Diverter valve positioning ‘between de- N/A 
tents does not shut off the transport 
water loop. Portions of each position 
will allow some flow. 
PLS-16 Battery Storage 
The battery shall be stored within the Possible degradation of bat- 
temperature limits of O°F to 130°F. tery performance. Definite de- 
Plate warpage will occur at 160°F. gredation if plate warpage 
occurs. 
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Yustable Life Support System (cont'd) 


OPERATIONAL LIMITATION OR PROCEDURE 


PLS-17 LiOH Storage Temp 


‘The Li0Hu Cartridge can be stored at 


temperatures within limits of figure 
he, ve 34, page 4.5-hOo, 


PIS-18 IM B0S/PLSS Hybrid 


Constraints associated with the follow- 
ing IM/ECS Hybrids: 


(a) Static PLSS oxygen ventilation 
loop. PLSS gas connectors must 
be connected to the PGA or the 
PLSS oxygen valve must be on. 


(b) Static PLSS liquid transport 
loop. (LTL) (Ref. PLS-14) Pump 
shutdown is limited to 10 min- 
utes. 


(c) Static PLSS LTL and Sublimator. 
Eventual helmet fogging depen- 
dent on one mexepol ye load. 


PLS-19 Feedwater Goltection 
The feedwater shall not be collected 
with the feedwater collection bag. if 


the feedwater remaining is greater 
than 5.8 pounds. 


3.4-5 


_ Amendment 23 
10/2/69 


_ RESULTS OF EXCEEDING LIMITA- 


TION OR NOT FOLLOWING PRO- 
CEDURE 


Reduced LiOH efficiency. 


Water will not be expelled 
to the Sublimator. 


Sublimator freeze up may 
damage sublimator and pre- 


clude subsequent restart. 


‘No damage is expected to the 


i) loop. 


Loss of visibility through 
the helmet. 


Exceeds the feedwater collec- 
tion bag capacity. 
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.4 Portable Life Support System (Cont'd) 


OPERATIONAL LIMITATION.OR PROCEDURE 


PLS-20 Contingency Retention of PLSS 


In the event both PLSS's are retained to 
satisfy contingency EVA requirements, 


the following procedures must be followed: 


(a) 


(b) 


(c) 


All connector caps shall be in 
place. ; 


All umbilicals (including the bat- 
tery cable) shall be in their re 
spective stowage plates. 


The LiOH Cartridge shall be removed 
from the PLSS and stowed in any bag 


where space is available. 


PLS-21 Feedwater Replenish Temperature 


The maximum temperature of water for 
feedwater replenish shall be 109°F. 


Amendment 25 
1/30/70 


RESULTS OF EXCEEDING LIMITA- 
TION OR NOT FOLLOWING PRO- 
CEDURE 


Vital connectors and/or umbil- 
icals, could be damaged pre- 
cluding their use. The LiOH 
could be degraded by residual 
moisture in the PLSS and rendered 
useless. 


Excess feedwater temperature 
will cause sublimator breakthrough. 


PLS-22 Diverter Valve Position After Start-up 


When the low feedwater pressure warning 
flag clears the diverter valve may be 
placed in any desired position. 


PLS-23 Gas Separator EVA Bleed 


There is no freezing constraint asso- 
ciated with'the contingency bleeding 
of the gas separator during EVA. 


34-6 


Earlier diverter valve positioning 
will cause sublimator breakthrough. 


N/A 
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3.4 Portable Life Support System (Cont'd). 


OPERATIONAL LIMITATION OR PROCEDURE | RESULTS OF EXCEEDING LIMITA- 
, TION OR NOT FOLLOWING PRO- 
CEDURE 


PLS-24 Use of IM Urine Bags During Recharge 


’ The IM-urine bags shall not be used as The condensate side of the 
a receptacle for the PLSS condensate ; bladder in the feedwater 
during a feedwater recharge. reservoir has an approximate 


volume of 4400 cc's which 
includes 875 ec's of conden- 
sate after a nominal mission. 
The urine bags have an approx- 
imate volume of 875 cc's. 

Since the feedwater is recharged 
to a pressure of 40 psi, which 
is the pressure forcing the 
condensate plus air into the 
urine bags, and since the 

urine bags are only proof pres- 
surized to 10 psi, the conse- 
quence of attempting this oper- 
ation would result in an 
exploded urine bag. 


PLS-25 Thermal Toad on Sublimator 


A maximum thermal load at the sublima- Sublimator breakthrough will 
tor of 8750 BTU/Hr.- should not be ex- occur. 
ceeded. 
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3.5 Oxygen Purge System 


OPERATIONAL LIMITATION OR PROCEDURE 


OPS-1 OPS Charge 


The pressure of the OPS shall 
not exceed 6950 psia. 


OPS-2 OPS Actuation 


The OPS hose shall be securely connected 
to its stowage plate, PGA, or held by the 
erewman before actuating the OPS. 


OPS- 3 OPS Heat Removal 


The OPS is capable of heat removal at the 
rate of 600 to 800 BIU/hour. This limit is 
the result of the purge valve restricting 
flow. 


OPS- 4 OPS Unrestrained Flow 


The OPS will empty all usable oxygen in 
4.2 minutes when the flow is unrestrained. 


OPS -5 OPS Electrical Checkout 


Successful electrical checkout is not 
mandatory for manned operations 


3.5-1 


RESULTS OF EXCEEDING LIMI- 
TATION OR NOT FOLLOWING PRO- 
CEDURE 


The regulator performance 
becomes erratic 


The thrust developed is suf- 
ficent to cause damage. 


The Astronaut becomes over- 
heated. 


N/A 


Crewman can tolerate tempera- 
tures of the gas with heater 
not operating 
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Oxygen Purge System (Cont'd) 


OPERATIONAL LIMITATION OR PROCEDURE 


OPS-6 Intermittent Use of OPS 


If the OPS is to be used temporarily 
to correct some minor difficulty 
such as helmet fogging, the PLSS Oo 
shut-off valve must be turned off 
prior to actuating the OPS. 


3.5-2 


RESULTS OF EXCEEDING LIMI- 
TATION OR NOT FOLLOWING 
PROCEDURE = 


Because of the set points of 
the two regulators, the POS 
regulator will attempt to 
supply the 8.0 lbs/hr allowed 
by the purge valve. The OPS 
will supply only the differ- 
ence. This will deplete the 
POS supply rapidly to a point 
severely restricting the mis- 
sion profile and/or requiring 
a recharge of the PISS Oo. 
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3.6 Extravehicular Communications System 


OPERATIONAL. LIMITATION OR PROCEDURE 


EVCS-1 Line of Sight 


RF line of sight must exist between trans- 


'mitting and receiving antenna for ali com- 


munication. | . 
EVCS-2 IM-MSFN-CSM Relay 

While communicating with the CSM via the 
IM and MSFN relay, the EVA crew must allow 
4.8 to 6.0 seconds for each reply. In 
communicating with MSC, 2. 4 to 3.0 sec- 
onds must be allowed. 

EVCS-3 Proximity to IM VHF Antenna 


There is no constraint as to nearness to 
the ILM VHF antenna. 


EVCS-4 Range 

The range is limited to one mile between 
IM and EVC-1 (CDR) and one-half mile be- 
‘tween Astronauts. : 


EVCS-5 Operation in IM 


The EVCS is unrestricted for operation 
within the LM. (See EVCS-7) 


EVCS-6 Operation Without Antenna 


The EVCS should not be operated without 
the antenna. 


3.6-1 


RESULTS OF EXCEEDING LIMI- 


TATION OR NOT FOLLOWING PRO- 
CEDURE 


Complete loss of communica- 
tions. 


Lack of discipline results in 
loss of intelligent. communi- 
cation between the EV crewman, 
the CSM, and MSC. 


N/A 


Probable loss of communica- 
tions. 


N/A 


Although the EVC's are capable 
of operating for four hours 
with the antenna terminals 
shorted or open, communication 
will be lost for the duration 
of the anomaly. 
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Operational Constraints and Limitations 


3.6 Extravehicular Communication System (Cont'd) 


OPERATIONAL LIMITATION OR PROCEDURE 


EVCS-7 Antenna Stowed 


EVCS operation with the antenna stowed 
is an out of spec condition, and is an 
individual characteristic of each indi- 
vidual unit. - 


EvcS-8 Mode Selection 

The two EV communicators should never 
be in the Primary (A) or Secondary (B) 
modes simultaneously. 


EVCS-9 Mode Restriction on EVC-2 


The EVCc-2 communicator shall be switched 
to Primary (A) or Secondary (B) mode if 


RESULTS OF EXCEEDING LIMI- 
TATION OR NOT FOLLOWING PRO- 
CEDURE 


Possible loss of power and/or. 
excessive voice distortion. 

If severe distortion encountered 
go to operationally unstowed 
mode. 


The frequencies will beat and 
a loud interfering signal will 
be produced. oe 


All communication from the 
EVC - 2 communicator will be 


and when the EVC-1 communicator is switched lost. 


from. the Dual (AR) mode. (Reference EVCS- 


8 above). 


EVCS-10 Proximity to Erectable 5-Band Antenna 


The crewman shall not get directly in 
front of S-Band antenna in the radiating 
path. No other constraint exists. 


EVCS-11 Failed EVA Antenna 


With the EVA antenna failed transmission 
between crewman and LM inline with the 
fore or aft VHF inflight antenna is es- 
timated to be limited to one-half mile. 


3.6-2 


Getting in front of antenna suf. 
ficient to be dangerous would be 
very difficult. Touching from 
back-side would cause only slight 
temperary static. 


Probable loss of communications 
with crewman.. 
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4.0 SUBSYSTEM PERFORMANCE DATA 


This section presents data concerning the performance of EMU subsystems. 
The initial data. presented is that which is applicable to the system as 

a whole. The ensuing paragraphs provide data of increased detail on the 
operating characteristics of the individual caine asa ae 


The EMU subsystems design/operational limits are provided in Table 4.0-1 
and the as and burst pressures of these subsystems are provided in 
Table 4.0-2. The EMU consumables management information is shown in 


Table 4. 0-3. The EMU heat leak as a function of the . Sum ene te is shown 
in Figure 4.0-1 
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Figure 4.0-1 EMU Heat Leak versus Sun Angle 
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Pressure Garment Assembly 


The PGA consists of a pressure helmet, torso limb suit, intravehicular 
gloves, an external coverlayer, and various controls and instrumenta- 
tion. The garment is designed to be worn for 115 hours at a regulated 
pressure of 3.85 + 0.15 psid in conjunction with either the LCG or the 
CWG. 


Two configurations of the PGA are to be flown on all Apollo missions. 

In the intravehicular configuration, which is worn by the Command Module 
Pilot (CMP), the basic torso limb suit is covered by a fire and abrasion 
resistant coverlayer. Redundant gas connectors and other extravehicular 
components have been removed to decrease weight and bulk. In the extra- 
vehicular configuration, an integrated thermal micrometeroid garment (ITMG) 

is attached to the PGA for protection against thermal loads and. micrometeroid 
penetration, in addition to fire and abrasion protection. The weight 

and other leading particulars are given in Table 4.1-1. 


PGA Internal Volume 


Because the internal volume of the PGA varies with the size of the crew- 
man for whom it is constructed, the internal volume is considered to be 

4.7 cubic feet + 10%. Because the free volume (manned) varies also with the 
fit of suit to the crewman, the free volume is considered to be 2.2 cubic 
feet + 5%. . 


PGA Orifice Flow Rates 
The PGA Pressure Relief Valve flow characteristics as a function of the 
PGA pressure is shown in Figure 4.1-1. The flow characteristics of the 


PGA Pressure Transducer porous plug as a function of the PGA pressure is 
shown in Figure 4.1-2. 
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Table 4.1-1 PGA Performance Characteristics . 


VALUE 


S/C Wall -20 
to + 150°Fr 


Temperature Limitation + 250°F 


Leak Rate (Max) at 3.7 psid 180 scc/min. 180 scc/min. 


Operating Pressure 3.75 + .25 psid 3.75 + .25 psid 


Pressure Drop 


12 acfm, 3.9 psia, 50°F, 
inlet diverter valve in 
IV position. 


4.70 in. HO 4.70 in. H50 


6 acfm, 3.9 psia, 50°F, 
inlet diverter valve in 
EV position. 


1.80 in. H»0 


3.6 4.52 lbs/nr. 
@ 5.5 psia 


Pressure Relief Valve Flow Rate 


24,13 lbs. 


Weight 
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Operational 


Typical for Relief Valve 
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Figure 4.1-1 PGA Relief Valve Flow Characteristics 
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LCG 


The LCG is worn next to the skin under the PGA during LM and EV 
activities. The LCG is made of nylon-spandex knitted material, 

and provides for general comfort, perspiration absorption, and 
thermal transfer between the crewman's body and the garment's 
cooling media. The garment provides a continuous flow of tempera- 
ture controlled water through a network of polyvinyl chloride (PVC) 
tubing stitched to the inside surface of the open mesh fabric 
garment. A lightweight nylon comfort liner separates the body from 
the tubing network. 


‘The LCG can remove heat at a maximum rate of 2000 BTU/hr. for 15 


minute periods, or a continuous rate of 1700 BrU/hrr. (These para- 
meters are dependent upon PLSS operational design). Leading 
particulars of the LCG are given in Table 2-1. 


LCG Pressure rofile 
The LCG pressure profile in the various environments is as follows: 


a. Sea level charge pressure is 28.5 psia. 

b. While stowed in the CM, the LCG is in a bag evacuated to 2.85-5.0 
psia. Based on test results, measurable loss in LCG weight or 
gas permeation into the LCG does not occur. 

c. Operating. pressure in IM is 12-21 psig above cabin ambient of 5 
psia. 

d. Operating pressure on lunar surface is 4 to 21 psia in 3.8 psia 
suit environment. 


A typical LCG pressure profile prior to L0G/ PLES interfacing is 
depicted in Figure 4.2-1. 


LCG Internal Volume 


The internal volume of the LCG tubing nominally is 350 cc. The range 
is approximately 310 - 380 cc. 
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Table 4.2-1 LCG Performance Characteristics 


ITEM VALUE 
Weight (Charged) ®4.60 lbs. 


Operating Pressure 4.2 to 23.0psid 


Pressure Drop 


4.0 lbs/min. flow at 


m 3.2 psi including both 
70° + 10°F inlet temp. 


halves of connector 


Leak Rate (Maximum) 


19.0 psid pressure differ- 0.58 cc/hr. 


ential @ 45°Rr 


“Design Value 
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Urine Collection and Transfer Assembly (UCTA) 


The UCTA collects and provides intermediate storage of a crewman's . 
urine during launch, EVA, or emergency modes when the spacecraft 

waste management system cannot be used. The UCTA will accept urine 
at rates up to 30 ec/sec with a maximum stored volume of 950 cc. No 
manual adjustment or operation by the crewman is required while the 


-UCTA is collecting urine. Pressure relief valves are incorporated in 


the urine collection bag to prevent exposure of the penis to pressure 
differentials of + 1 inch Ho0 between the collection bag and the PGA. 
The valves open automatically as required to increase pressure within 
the collection bag. A flapper check valve prevents reverse flow from 
the collection bag to the urinal portion of the UCTA. The stored urine 
ean be transferred through the suit wall by hose when feasible to the 
CM or IM during both pressurized and depressurized cabin operation. 


The UCTA is worn over the CWG or the LCG, and is connected by hose to 
the urine transfer connector on the PGA. This urine transfer connector 
is a quick-disconnect fitting which is used for the transfer or urine 
from the UCTA to the spacecraft waste management system. 
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Bioinstrumentation System (BIS) 


The bioinstrumentation system is attached to either the CWG or LCG, 
and contains the necessary bioinstrumentation for crew status check. 
The bioinstrumentation, connected to the PGA electrical harness, con- 
sists of an EKG signal conditioner, impedance pneumograph (ZPN) signal 
conditioner, dc-de converter, and axillary and sternal electrodes. 


Electrocardiogram Signal Conditioner - The EKG signal conditioner has 
a signal wave ranging between O and 5 volts peak-to-peak which is repre- 
sentative of inflight heart activity. 


Impedance Pneumograph Signal Conditioner - The ZPN signal conditioner 
and associated electrodes provides flight measurement of transthoracic 
impedance change. A pair of electrodes are used to measure respiration 
rate over a wide dynamic range of activity. This conditioner is not 
used during EVA. 


The dce-de Power Converter - The de-de power converter delivers a + 10 
and - 10 volt power to each signal conditioner. It converts the single 
ended 16.8 volt power to the + 10 and - 10 volt power required by the 
bioinstrumentation systems. 


Electrodes - The electrodes are attached directly to the skin with an 
adhesive disk filled with conductive paste. The EKG sternal electrodes 
are attached to the EKG signal conditioner and EKG axillary electrodes 
are attached to the ZPN signal conditioner. 
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PISS Performance Data 


A PLSS system flow chart is presented in Figure 4.5-0.1. More de- 
tailed performance data of the individual eubeyehens is aaa 
in the following paragraphs. 


-Extravehicular Communication System (EVCS) 


Modes 


The EVCS operational modes are defined in Figure 4.5-1. These modes 
are manually selected by the EVA crewman. The principal operating 
mode is for both crewmen to be in the dual (AR) mode. This is the 
only mode in which both crewmen can be received simultaneously. Crew- 
men should never simultaneously be in either the primary (A) mode 

or the secondary (B) mode. 


Voice Communications 


_ The EVCS provides for duplex voice communications between earth and _ 


at least one crewman. It also provides for uninterrupted voice com- 
munications between both crewmen. ‘The performance requirements of 
the primary and secondary transceivers are summarized in Table 

4.5-1A. FM transmitter and receiver performance requirements are sum- 
marized in Table 4,5~1B. 


Telemetry 


The telemetry parameters are identified in Table 4.5-2. In addition, 
the normal operating ranges of each parameter are listed for pre- 

egress checkout and for extravehicular activity. The calibration 

curves for the individual sensors are presented in Figures 4.5-2 through 
4,.5-8. Telemetry inaccuracies attributed to the sensors and the 

EVCS are presented in Table 4.5-3. 


Table 4.5-3.1 presents the overall accuracy of the EMU biomedical 
and suit “dete from the lunar surface to the Mission Control Center. 
The table is a summary of the estimated errors contributed by each 
section of-the telemetry link for the PLSS and EKG. ‘The last colum 
of the table shows the three sigma accuracy estimate (3 e p) for each 
parameter. This accuracy is expressed as a percent of full scale. 


~ ALL telemetry data from each crewman is commutated on a single sub- 


carrier except EKG data. Each crewman's EKG information in contin- 
uously sampled on its own subcarrier. The telemetry channel assign- 
ments are given in Table 4.5-4., 


Telemetry data is not transmitted when the mode selected is the 
secondary or "B" mode. 
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Tf the EVA antenna on the IM fails during lunar operations, the 


All lines in and out of each EVC is filtered for EMI suppression, 


Volume IV EMU Data Book Amendment 27 
Subsystem Performance Data - PLSS 3/18/70 


Antenna | 


All EMU communications are transmitted and received via the EMU 
antenna. The antenna is mounted on the OPS. When mounted with 
coaxial cable and input connector, it has a VSWR of 2.6:1 or less. 
The antenna is vertically polarized. A description of the antenna 
coverage factor is presented in Table 4.5-5. 


If the EVC is operated with the EMU antenna stowed, the range from 
the IM is limited to i+ mile with the possibility of extreme trans- 
mitter distortion. - ; 


EV crewmen can maintain communications with MSFN at an estimated — 
maximum range of 4 mile in-line with either the front or aft VHF 
inflight antenna. 


EMI Suppression 


except the left and right microphone wires and the biomedical primary 
power wire. These three wires just loop through each EVC. 


Each communicator is spec'd and tested to accept on the battery 

supply line a 1.1 volt peak-to-peak noise signal between the fre- my 
quencies of 250 Hz and 15 KHz, and a 0.55 peak-to-peak noise signal ) 
between 30 Hz and 250 Hz. — seal 


Temporary Out-of-Spec Temperature Indications 


When the water diverter valve is first turned to meximum cooling, 

the LCG differential temperature transducer produces a signal as 

much as 200% of nominal maximum. This relatively high voltage is 

fed through to the other temperature transducers driving them out 

of range. This is only a temporary out-of-spec occurrence, and causes 
no equipment failure. The condition exists on the PLSS Oo and LCG 
inlet H,0 temperature readings for 8 to 10 seconds. The condition 
exists on the LCG differential temperature readout for 15 to 20 
seconds. : 
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Figure 4.5-0.1 Apollo EMU Program - PISS System Flow Chart 
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Figure 4,5-1 Extravehicular Communications System 
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Table 4.5-1A Voice Communications - 
Amplitude Modulated 


PRIMARY SECONDARY 


RECEIVER 
Frequency 296.8 MHz + 9 KHz 259.7 MHz + 7.8 KHz 
Bandwidth ' Superheterodyne Superheterodyne 
70 KHz IF at 70 KHz IF at 
6 db min 6 db min 
Output , 12.6 mw min to 12.6 mw min to 
helmet isolation helmet isolation 
network network 
TRANSMITTER 
Frequency _ 259.7 MHz + 7.8 KHz 296.8 MHz + 9 KHz 
Bandwidth Compatible with data Down 2 db maximum at 
being transmitted 300 Hz and 2.3 KHz 
Power Output 250 mw min unmodulated 250 mw min unmodulated 
at antenna terminal at antenna terminal 
Sah 


“geet 
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Table 4.5-1B Voice Communications - 
Frequency Modulated 


RECEIVER (EVC-1) 


Frequency 279.0 MHz + 8.4 KHz 
Bandwidth - 125 KHz IF at 3 db min 
Power Output 12.6 mw min to helmet iso- 


lation network 


TRANSMITTER (EVC-2) 


Frequency 279.0 MHz + 8.4 KHz 
Bandwidth Compatible with data being 
transmitted 
: Power Output 316 mw min unmodulated at 
F antenna terminal 
h, 5-5 
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Figure 4.5-8 PGA Pressure Differential Pressure Calibration Curve 
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4.5.1.5 EMU Warning System 


The EMU Warning Sestea Hidranterisbice are sumarized din Teble 
4.5-6 on page 4. 5-19. 


General Description 


Four sensors are situated at various points in the PLSS to give 
warning of potentially dangerous conditions. If one of these 
transducers senses a dangerously low pressure or a high or low 
flow rate, it signels the PLSS Alarm Control Module. The Alarm 
Control Module generates a warble warning tone through the Extra- 
vehicular Communications System to the Astronaut's earphones. 

It also activates one of five visual warning indicators which are 
located on the Remote Control Unit at the front of the space suit. 


The "High Primary Oxygen Flow" Warning 


One of the four sensors is located just downstream of the Primary 
Oxygen Pressure Regulator. If the regulator passes a flow which 
exceeds 0.50 to 0.65 lbs/hour for a period of time greater than 

five seconds, the warning tone will sound in the crewman's earphones, 
and the visual warning flag labeled "Oo" will pop up on the RCU. 

This warning flag will reveal a lighted symbol "0," which indicates 
"OPS" actuation needed. After 10 + 2 seconds, the tone will stop 
sounding, but the flag will remain raised until the flow is less 
than 0.50 to 0.65 lbs/hour. Then, the flag will drop automatically. 


The "Low PGA Pressure" Warning 


To give warning of low suit pressure, a low pressure switch is lo- 
cated in the primary oxygen make-up flow line of the PLSS. This 
transducer is just downstream of the High Primary Oxygen Flow 
Sensor discussed above. Upon sensing a pressure lower than 3.10 

to 3.40 psid, the switch actuates the warning tone, and the warning 
flag labeled "Press." on the RCU in the manner described above. 
This warning flag will reveal a lighted symbol "0" meaning "Actuate 
OPS." As in all the warning tone soundings, the tone will last 

10 + 2 seconds, regardless of when the PGA pressure goes back to 
above 3.10 to 3.40 psid, but as with all the warning flags, this 
flag will remain raised until the PGA pressure returns to 3.10 to 
3.40 psid or higher at which time it will drop automatically. 


The "Low Vent Flow" Warning 


A transducer is located just downstream of the Fan in the PLSS vent 
loop. If this transducer senses a flow rate lower than 4.0 to 5.3 
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acfm for a period of time greater than five seconds, the warning 
tone will sound for 10 + 2 séconds. The warning flag labeled 
"Vent" on the RCU will pop up and reveal a lighed symbol "P" - 
meaning "Purge." The flag will remain raised until the fan flow 
returns to 4.0 to 5.3 or higher, at which time it will drop to the 
closed position. , 


Prior to flight, the sensor activation and deactivation points are 
required to be between 4.7 and 5.0 acfm; however, for the second 
EVA, these points nominally experience a 0.1-0.2 cfm downward shift 
depending upon the amount of water condensed in the electronic ele- 
ment. 


The "Low Feedwater Pressure" Warning 


The fourth transducer is located in the feedwater line just up- 
stream of the sublimator. If the feedwater pressure drops below 

1.30 to 1.60 psia, the warning tone will sound for LO + 2 seconds 

and an RCU flag will pop up to reveal a lighted "A" symbol indicating 
"Abort." The flag will remain raised until the feedwater pressure 

is again higher than 1.30 to 1.60 psia. This same transducer is used 
to telemeter the feedwater pressure reading to ground control. 


Additional Warning System Characteristics 


Although there are five warning flags on the RCU, only the four 
described above are operational. The fifth flag, labeled "COs," 

is intended for use on later models of the EMU. Each warning flag 
is lighted by a Beta light source capsule which requires no electric 
power. 


If the EVCS mode selector switch position is changed, the warning 
tone will again come on for 10 + 2 seconds, provided one of the 
four transducers is still signaling for a warning tone. 


The warning tone is a 1.5 KHz frequency tone which is interrupted 
fifteen times per second to give a warbling sound. The tone-is 
clearly audible above the transceiver output in transmitting, re- 
ceiving, or standby operations. 
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4.5.2 | PLSS Electrical Subsystem 
ho5.2.1 Battery 


The PLSS power supply is a replaceable silver zinc battery with 
a two sigma capacity of 279 watt-hours (16.5 amp-hours) and an 
operational output voltage of 16.0 to 20.5 volts. The battery 
is composed of eleven cells, each cell having a pressure dif- 
ferential of 8.0°'+ .3 psid. This relief capability is provided 
by an unsophisticated valve verified only at the time of de+_ 
livery by the battery supplier. The total battery is contained 
in a sealed case that incorporates a pressure relief valve 
which maintains the pressure differential between 4.9 and 8.0 
psid. 


The output voltage and capacity vary with temperature as shown 
in Figure 4.5-17. This figure was determined for a 60 watt load 
which represents the load for which the battery was designed. 
Figure 4.5-18 shows the discharge curve for the battery with a 
hO watt load discharged under ambient conditions. The 40 watt 
ne load is representative of the nominal load imposed by the PLSS 
) and EV communicator (reference Table 4.58). 
To prevent battery degradation due to time-temperature limita- 
tion, the battery should be stored and used in accordance with 
Table 4.5=7. 


Figures 4.5-17 and 4.5-18 show that the battery voltage begins 
to fall sharply approximately thirty minutes before exhaustion 
of the power supply (16.0 vdc). 


4.5.2.2 Current Limiters 
Current limiters are used in the PLSS to protect the circuits 
shown in Table 4.5-9. These current limiters can withstand 


current loadings in excess of their rating for short time per- 
iods as shown in Figure }4.5-20. 
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4.5.2.3 Voltage Degradation Effects 


A test was performed at NASA/CSD to determine the effect of de- 
grading voltage upon the EMU subsystems performance. The test 
started with a voltage of 17.1 volts which was decreased at 0.1 
volt increments. The low vent flow flag and warning tone actuated 
at 14.2 volts. This was attributed to degraded fan performance 
and the actuation was normal when flow was reduced. No tests 
were conducted below 14.2 volts to check the warning tone or flag 
actuations; however, all flags remained in the cleared position 
throughout the test. No significant degradation of communication 
or telemetry was evident until the supply voltage was reduced to 
13.6 vde. At this point, the signal from the PLSS/EVCS had de- 
graded to the extent that the RF ground station could not translate 
the telemetered data. At 12.5 vdc, the voice comm transmitted by 

_ the PLSS/EVCS was unintelligible. The EKG and all transmitting 
power was lost at 12.0 vde. The voice comm received by the PISS/ 
EVCS was understandable until the voltage reached 9.5 vdc. 


Throughout the test, fan and pump degradation was evident by pro- 


gressively lower flow rates and Delta P's in the gas and transport 
loops. 


At the conclusion of the test, the voltage was returned to 17.0 varie 
volts and normal operation was obtained. 
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Amendment 28 


Table 4.5-7 PLSS Power Supply Storage and 


CONDITION OF 
POWER SUPPLY 
Storage, Unactivated 

Storage, Activated 
(a) 
(b) 
(c) 
hpeneeisn 
(a) 
(b) 


Ses z 


TEMPERATURE 
LIMITATION 


35° to 110°F 


50° to 80°F 


0° to 50°F 
80° to 100°F 


100° to 130°F 


50° to 90°F 


70° to 160°F 


Usage Time-Temperature Limitations 


TIME AT 
TEMPERATURE LIMIT 


1 year maximum 
l2 days total life 
12 days maximum 


> days maximum 


2 days‘ maximum 


At start: 


Between 2.0 and 4.0 


hours 


CAUTION: The battery should not be allowed to exceed 160°F as 


plate warpage and battery degradation will occur. 
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_ fable 4.5-8 PLSS Power Profile 


Fan 

Pump 

EVC 
Dual Mode 
Primary Mode 


secondary Mode 
TOTAL (EVC in Dual or Primary Mode) 


TOTAL (EVC in Secondary Mode) 


Nominal 


Current 


1.3 amps 


0.5 amps 


0.6 amps 
0.6 amps 
0.5 amps 
2.4 amps 


2.3 amps 


Amendment 25 
1/30/70 


Electrical 
Heat_loading 


74.5 BIU/Hr 


28.6 BTU/Hr 


34.4 BIU/Hr 
34.4 Bru/Hr 
28.6 BTU/Hr 
137.6 BTU/Hr 


131.9 BTU/Hr 


NOTE: For real-time consumables evaluation, the telemetry data 


should be used. 
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Table 4.5-5 Current Limiter Usage and Ratings 


COMPONENT (S ) 
PROTECTED 


Fan 
Pump 
Vent Flow Sensor 


Time Delay Module 
(Vent Flow Sensor ) 


High Oo Flow Sensor 


Time Delay Module 
(High Oo Flow Sensor) 


Left Microphone 
Right Microphone 


EVC Warning Tone 
Generator . 


Alarm Module 


EVC Telemetry Voltage 
Regulator 


EKG 


Transducer Voltage Regu- 


lators 


EVC Dual-Primary Mode 
Voltage Regulator 


EVC Secondary Mode 
Voltage Regulator 


5-27 


RATING 


Current protection not pro- 


“. vided* (#22 gage wire) 


Current protection not pro- 
videa* (#22 gage wire) 


1/16 amp (62.5 ma) 


1/16 amp (62.5 ma) 


None externally - has 50 ma 
limiter built in 


1/16 amp (62.5 ma) 


1/8 amp (125 ma) with series 
32.4-39.2 ohm $ watt resistor 


1/8 amp (125 ma) with series 
32.4-39.2 ohm 4 watt resistor 


1/16 amp (62.5 ma) 


4 amp (500 ma) 


1 amp 


+ amp (250 ma) with series 


y 
32.4-39.2 ohm 4 watt resistor 


One only current limiter 
rated at 3/4 amp (750 ma) 


2 amp 


2 amp 


*Maximum overload current approximately 40 amps 
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Ventilation Loop 


The pressure rise versus flow characteristics of the PLSS ventilation 
loop are shown in Figure 4.5-25. Superimposed on this figure is the 
pressure drop of the PGA. 


Fan Performance 


The PLSS fan circulates PGA life supporting atmosphere gasses through 
the PLSS ventilation loop for cooling and for carbon dioxide, odor, 
and moisture removal within the PGA. The fan operates in gasses 
which are at 3.85 ¢ .15 psia pressure, and 38 to 52°F temperature 


‘on the inlet side. The gas pressure rise due to the fan is compared 


4.5.3.2 


4.5.3.3 


to the pressure drop in the PGA for a range of flow rates as shown 

in Figure 4.5-25. Nominally a minimum flow of 5.5 acfm at 1.5 

inches of water pressure rise will be delivered by the fan..COo washout 
capability as a function of fan flow rate is given in Figure 4.5-25.1. 
COe buildup as a function of time for the zero ventilation flow condi- 
tion is shown in Figure 4.5-25.2. 


The fan is driven by a de motor which operates at a nominal 16.8 volts 
with 1.3 amperes current draw. The relationship between fan current 
and Op vent loop pressure is shown in Figure 4.5-26, while the fan 
power consumption versus flow rate (at constant voltage) is given in 
Figure 4.5-27. Figure 4.5-28 relates fan pressure rise to flow rate 
for three operating voltages. 


The fan/motor operates at a speed of 18,600 + 600 RPM under normal 
loads. The relationship between voltage and RPM at several constant 
torques are given in Figure 4.5-29. 


\ 


LiOH Cartridge 


The PLSS LiOH Cartridge performance characteristics are shown in Figure 
4. 5-30. This figure results from limited test data, and is included to 
define the operating characteristics rather than predict cartridge oper- 
ating time remaining. Water production rates and heat production rates 
versus COo production rates are given in Figures 4.5-31 and 4.5-32, re- 
spectively. COo production, as a function of the metabolic rate, is 
shown in Figure 4.5-33. For discussion of the physiological effects COo 
refer to NASA SP-3006, "Bioastronautics Data Book", Section I, page 8. 


The allowable time/temperature envelope for LiOH storage is given in 
Figure 4.5-34. 


Ventilation Loop Sublimator 
The ventilation loop portion of the sublimator cools the recirculating 


oxygen and condenses water vapor. The heat loads on the ventilation 
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4.5.3.3 Ventilation Loop Sublimator (Cont'd) 


loop sublimator, as a function of metabolic rate, are shown in Figure 
4.5-35. The figure includes the latent perspiration load which re- 
sults from a perspiration rate of 100 ec/hour. Although the liquid 
cooled system is designed to prevent perspiration, the sublimator is 
designed to handle 100 ec/hour of perspiration. 


Ventilation loop sublimator performance data is provided in Figures 


45-36 through 4.5- 38. 
4.5.3.4 Ventilation Flow Sensor 


The ventilation flow sensor actuates a warning tone at ventilation 
flow rates of 4.0 to 5.3-acfm for EVA initiated in a IM environment 
between 60 and 90°F. For EVA initiated in abnormal IM environment, 
the sensor actuates at flows of 3.5 to 5.4 acfm. 


1 
i 
‘i 
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Eas seppeTers eae) 


The PLSS. liquid mane pert circuit pressure rise and flow ‘character- 
istics are shown in Figure 4.5-39. 


Pump . 


Figure 4.5-40 shows the pressure rise/flow characteristics of the 
PLSS pump and corresponding power consumptions. 


Liquid Transport Circuit Sublimator 


The heat load applied to the sublimator as a function of metabolic 
load and ambient conditions is shown in Figure 4.5-41. 


Liquid transport loop sublimator performance data is provided in 
Figure 4,5-2. 


Diverter Valve 


The. diverter valve controls the water temperature by causing the 
recirculatory water to bypass the sublimator. The valve design pre- 
vents deadheading the pump. The flow splits of the diverter valve 
are shown in Table 4.5-10. 


“4.5.4.4 Restricted Flow | 


With the diverter valve in minimum cooling, and with little or 

no air in the system, sublimator flow ceases at a water loop flow 

of 1.2 to 1.4 lbs/min. With the diverter valve in intermediate cool- 
ing, sublimator flow will continue down to a water loop flow of 

1.0 lb/min. (Flows belows 1.0 lb/min. have not been checked). 


Gas Separator : 
The gas separator functions to remove free gas from the LCG and 
PLSS transport water loop. Free gas may be evolved within the 

LCG thru use with the LM 192 or may come from leakage while stowed. 
Evaluation data of the LM 192 liquid loop showed 5 to 14 cc of 
evolved gas. Data on LCG leakage during stowage may be found in 
paragraph 4.2.1 of this book. The Free’ gas removed by the gas . 
separator is stored in the gas separator houseing until manually 
vented. Venting is normally accomplished in the pressurized LM 
cabin during PLSS recharge. Limitations on venting during EVA 

are noted in PLS-23, paragraph 3.4 of this book. The design criteria 
for the gas separator requires a collection capacity of 30 actual 
cubic centimeters minimum. Data indicates that in excess of 37 
acc's may be collected prior to breakthrough. The characteristic 
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4.5.4.5 Gas Separator (cont'd) 


flow rates for venting of oxygen, water vapor and water 
from the separator are provided in Figures 4.5-43 and 
4. 5-43.12. 


4.5.4.6 Operating Pressure 


A) The possible operating pressure range for lunar surface 
EVA is 4 to 21 psia. 


B) The expected operating pressure at the start of the first 
EVA is 17.0 psia to 19.5 psia based on the following 
conditions: 


(1) The PLSS is charged from the ground facility with 
water at a pressure 1.0 to 3.0 psi above sea level 
pressure within T-76 to T-72 hours (T=0 for launch). 


(2) EVA 1 is at T + 110 hours 


(3) LM environment is uncontrolled after initial pressuri- 
zation to 5 psia in earth orbit. Cabin temperature 
increases in accordance with ICD upper limit. 


(4) Prior to interfacing with the PLSS, the LCG is 
operating on the IM 192 system which results in an LCG 
pressure of 18 to 20 psia (based on a full accumulator 
in the LM-192 and the IM.192 system pressure decay 
associated with the interface of both LCG's). 


Note: The most significant effect on the actual PLSS/LCG 
operating pressure is the pressure of the LCG just prior 
to interface with the PLSS (i.e. pressure retained from 
the LM-192 system). Test data indicates that the resul- 
tant PLSS/LCG operating pressure is 80% LCG pressure 

and 20% PLSS pressure. 
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Figure 4.5-39 PLSS Transport Water Loop AP Versus Flow 
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Figure 4.5-43 LCG Inlet Temperature Versus Metabolic Rate 
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Transport Water Ioop Pressure - PSTA 


1. This curve obtained analytically for gas or 


water vapor flow at 70°F. 


2. Actual hole diameter is 0.032 inches. 


3. Ambient pressure is 5.0 psia. 


4, Cr = 0.65 


Flow Vs. 


4 .5-50.1 


Transport Water Gas Separator Gas Bleed 
Transport Water Loop Pressure 


SNA-8-D-027 (IV) REV 1 


Volume IV EMU Data Book 
Subsystem Performance Data - PLSS 


i 


Table 4.5-10 Diverter Valve Flows _ 


eae NOMINAL FLOW RATES - LB/MIN. 
Fes oninee : FROM FROM 
TO LCG BYPASS SUBLIMATOR 
; Max. 4.0 0 a) 
Int. 4,0 3.50 0.50 
Min, 4,0 3,86 0.14 


45-51 SNA-8-D-027 (IV) REV 1 


Volume IV EMU Data Book 
Subsystem Performance Data - PLSS 


THIS PAGE INTENTIONALLY LEFT BLANK - ; 


45-52 SNA-8-D-027 (IV) REV 1 


Volume IV EMU Data Book _ Amendment 29 
Subsystem Performance Data - PLSS 4/8/70 


4.565 Feedwater Supply Loop 


The PLSS feedwater system supplies the expendable water to the subli- 
mator where it freezes and sublimes to the vacuum environment in which 
the EMU is operating. The cooling resulting from the sublimation is 
used to dissipate the heat generated within the EMU and the heat enter- 
ing the EMU. These heat loads are given in Figure 4.5-44 and the 
feedwater usage rate versus heat load is given in Figure 4.5245. An 
orifice restricting the flow of feedwater is located between the sub- 
limator and the feedwater shut-off valve. The flow characteristics 

of this orifice are presented in Figure 4. 5-46. 


Feedwater pressure at the entrance to the sublimator is monitored by | 

a single transducer. This transducer provides a signal for telemetry 
readout of the pressure via the EVCS and also provides a signal to the 
EMU Warning System described in paragraph 4.5.1.5. The low feedwater 
pressure warning is initiated when the pressure falls below 1.30 to 1.60 
psia. This corresponds to a water quantity of approximately 0.6 pounds 
downstream of the feedwater shut off valve assuming the system is 
operating normally. The feedwater pressure readout from telemetry and 
the low feedwater warning switch provide verification of sublimator 
startup and sublimator operation as well as feedwater depletion. The 
sublimator has demonstrated "start up" capability at vent loop pressures 
of 6.0 psia. The pressure of the feedwater is shown in Figure 4.5-47. 
Figure 4,5-47.1 illustrates this same pressure at sublimator shutdown. 


Sublimator operating characteristics through feedwater depletion and 
beyond for a metabolic rate of 1200 BTU/Hr and 1600 BIU/Hr are shown 
in Figures 4.5-48 and 4.5-48.1. 


The feedwater reservoir is filled with 8.5 plus pounds of water prior 
to launch and can be recharged in the LM through the feedwater fill 
connector. A feedwater fill of 8.5 pounds may not be possible in all 
cases as this was not a design requirement. There is also a GSE 
instrument inaccuracy of + 1 ounce associated with the feedwater fill 
capacity. The time required to fill the reservoir can be determined 
from Figure 4.5-49 for a given charging pressure differential. A 
visual indicator is located in the bladder vent line to give further 
indication of completion of recharge. The visual indicator is similar 
to a sight glass. The recharge is complete when the gas bubbles 
disappear and only feedwater appears in the visual indicator. The 
flow rate of water through the vent line as a function of pressure 
differential is shown in Figure 4.5-9.1. 
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4.5.5 A branch of the feedwater loop is connected to the transport water 
loop through a check valve. In the event the. transport water ~ 
pressure is reduced by leakage or other malfunction, the feedwater | 
loop will supply makeup water through the one-way check valve. The 
performance characteristics of the check valve are given in Figure 


4, 5=50. 


After the crewmen ingress the LM subsequent to EVA and the IM cabin 
is sealed, the water vapor produced as a result of sublimation will 
increase the LM cabin pressure at a rate described in Figure 4, 5=51. 
Normal sublimator action ceases when the ambient pressure rises 
above 1000 microns. . 
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Figure 4,5-44 Sublimator Tctal Heat Load Versus Metabolic Rate 
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Figure 4.5-45 Sublimator Total Heat Load Versus Feedwater Usage Rate 
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Figure 4.5-46 Sublimator Flow Limiter (Viscojet) Characteristics - 
Design Parameters 
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Figure 4.5-47 Feedwater Pressure at Sublimator 


Versus Starting Time 
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Figure 4.5-48 Feedwater Depletion Characteristics 
Vs. Time with a 1200 BTU/Hr. Metabolic 
Ioad (Max. Diverter Valve Position) 
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Figure 4.5-48.1 Feedwater Depletion Characteristics 
Vs. Time with a 1600 BTU/Hr. Metabolic 
Load (Max. Diverter Valve Position) 
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Figure 4.5-49 PLSS Feedwater Reservoir Fill Time Versus 
Pressure Differential 
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Figure 4.5-49.1 Feedwater Vent System Flow 
Restrictor Characteristics 
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Figure 4.5-50 Check Valve Pressure Differential Versus Flow Rate 
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Reso Primary Oxygen Subsystem 


The PLSS primary oxygen subsystem provides a supply of breathable 
oxygen and pressure regulation of ventilating oxygen. 


4.5.6.1 Oxygen Supply 


’ Figure 4.5«52 shows the oxygen usage rate as a function of metabolic 
rate and maximum allowable EMU leakage rate. 


The oxygen qualtity indicator provides a visual display of the oxygen 
pottle pressure within the accuracy requirements of Table 511. 


Figure 4.553 shows the effects of POS bottle prssure on suit absol- 
ute and differential pressures during LM repressurization. 


Figure 4.5+53.1 shows the effect on POS bottle pressure from PGA 
pressurization in a 5.0 psia ambient with an initial POS pressure 

of 1030 psia (ground charge). Figure 4.5-53.2 shows the same effect 
with an initial POS pressure of 950 psia (LM recharge). | 


Figures 4.5-53.3 through 4.5-53.5 show the relationship between suit 
pressure and IM repress cabin pressure for various initial POS 
pressures (150, 300, and 450 psia). 


The primary oxygen pressure required to maintain suit regulated 
pressure during IM repressurization is tabulated below for several 
IM repressurization times. The repressurization time is for a cabin 
pressure increase of .5 psia to 5.0 psia. 


LM Repressurization Required 
Time Seconds Primary Oxygen Pressure 

100 5e? psia 

104 511 psia 

120 hee psia 

140 382 psia 


The drop in POS pressure to pressurize the PGA from 5.0 psia to 8.85 
psia and from 3.85 to 6.0 psia is given below for manned suit volumes 
of 2.0, 2.2, and 2.4 cubic feet. 


3 Drop in POS Pressure, PSI 
Suit Volume, FT 5.0 to 8.85 psia 3.85 to 6.0 psia 
220 3h.4 19.2 
2.2 | 37.8 20.1 
2.4 41.2 23.0 
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Since the PLSS Oo regulator maintains the suit pressure at 3.85 psi 
above ambient, the suit pressure would be greater than the IM cabin 
pressure after cabin repressurization has been effected. This would 
require a crewman to either "pop a glove" or open the purge valve 
prior to attempting to remove his suit. Figures 4.5-53.6 through 
4.5-53.8 show the LM cabin pressure at which to shut-off the PLSS 

Oo in order for a negligible pressure differential to exist at the 
instant the IM completes repress as a function of the PLSS Oo supply 
pressure. Figures 4.5-53.9 and 4.5-53.10 show the curves and method 
used to derive the three working curves. 


Oxygen Supply Residual - 


The residual oxygen for nominal depletion of the POS is .123 lbs 
which corresponds to a pressure of 100 psia at a temperature of 7OOR. 


Pressure Regulation 


The PLSS primary oxygen regulator characteristics are shown in 
Figure 4.5-54. 


Figure 4.5-55 defines the bellows orifice flow rate at various am- 
bient pressures. 


Figures 4.5-56 and 4.5-56.1 illustrate the POS purge time and maxi- ¥ 
mum flow rate with a failed open regulator as a function of source en 
pressure. 


Figure 4.5-56.2 illustrates the time from regulator failed closed 
condition until activation of the low pressure warning. This time 
is dependent upon metabollic rate, suit leakage, and PGA/PLSS free 
volume. The figure presents this time for various metabolic rates, 
for a suit leakage of zero, and a PGA/PLSS free volume of 2.2 cubic 
feet. The pressure in a PGA with maximum allowable PIA leakage will 
decay at 0.0114 psi/minute faster. 


Initial Charge and Pressure Decay Prior to Use 

The ground charging characteristics of the PLSS primary oxygen sup- 
ply are shown in Figure 4.5-57. 

Pressure decay characteristics of the POS between charging and use 
are given by Figure 4.5-57.1. 


Recharge 


The recharge characteristics of the PLSS primary oxygen supply are 
shown in Figure 4.5-58. 
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Primary Oxygen Subsystem 


.. The -PLSS primary oxygen subsystem provides a supply of breathable. 
“Oxygen and pressure regulation of ventilating oxygen. 


7 ” 56602 Oxygen. Supply 


. Figure 4.5e52 shows the oxygen usage rate as a function of metabolic 


Rate and maximum allowable EMU leakage rate. 


‘The oxygen | auabeity indicator provides a visual dtaplay of the oxygen 


bottle pressure within the accuracy requirements of Table 4.5-11. 


Figure 4.5=53 shows the effects of POS bottle prssure on suit absol- 
ute and differential pressures during IM repressurization. 


i 


_ Figure 1, e530 shows the effect on POS bottle pressure from PGA 


pressurization in a 5.0 psia ambient with an initial POS pressure 
of 1030 psia (ground charge). Figure 4.5-53.2 shows. the same effect 
with an initial POS pressure of 950 psia (IM recharge). 


Figures ‘i 55a 3 through h. 5653. 5 show the relationship between suit 
pressure and IM repress cabin pressure for various initial POS 


pressures (150, 300, and 450 psia). 


The primary oxygen pressure required to maintain suit regulated 
pressure during IM repressurization is tabulated below for several 
LM repressurization times. The repressurization time is for a cabin 
pressure increase of .5 psia to 5.0 psia. 


LM. Repressurization Required 
_ Time -Seconds : ze! Primary Oxygen Pressure 

—- 100: 527 psia 

- Oh . : 511 psia 

120 BB ui ; 422 psia 

140 ; ; 382 psia 


The drop in POS pressure to pressurize the PGA from 5.0 psia to 8. 85 
psia and from 3.85 to 6.0 psia is given below for manned suit volumes 


. of 2.0, 2.2, and 2.4 cubic feet. 


ee ae _ 3 , Drop in POS Pressure, PST 
Suit Volume, FT 5.0 to 8.85 psia 3.85 to 6.0 psia 
2.0 34.4 . 19.2 
ae pe we SS OBTEBE 20.1 
2.4 k1.2 23.0 
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Since the PLSS Oo regulator maintains the suit pressure at 3.85 psi 
above ambient, the suit pressure would be greater than the IM cabin 
pressure after cabin repressurization has been affected. This would 
require a crewman to either "pop a glove" or open the purge valve 
prior to attempting to remove his suit. Figures 4.5-53.6 through 

4. 5+53.8 show the LM cabin pressure at which to shut-off the PLSS 

Oo in order for a negligible pressure differential exists at the 
instant the LM completes repress as a function of the PLSS Oo supply 
pressure. Figures 4.5-53.9 and 4.5-53.10 show the curves and method 
used to derive the three working curves. 


Oxygen Supply Residual 


The residual oxygen for nominal depletion of the POS is .123 lbs 


‘which corresponds non @ pressure of 100 psia at a temperature of f TOR, 


‘Pressure Regulation , 


The PLSS primary oxygen regulator characteristics are shown in 
Figure 4.5-5h. 


Figure 4.5-55 defines the bellows orifice flow rate at various am 
bient pressures. 


“eee” 


Figures 4.5-56 and 4.5-56.1 illustrate the POS pruge time and maxi- 
mum flow rate with a failed Pe regulator as a function of source 
pressure. 


Figure 4.5-56.2 illustrates the time from regulator failed closed 
condition until activation of the low pressure warning. This time 
is dependent upon metabollic rate, suit leakage, and PGA/PLSS free 
volume. The figure presents this time for various metabolic rates, 
for a suit leakage of zero, and a PGA/PLSS free volume of 2.2 cubic 
feet. -The pressure in a PGA with maximum allowable PIA leakage will 
decay at 0.0114 psi/minute faster. 


Initial Charge and Pressure Decay Prior to Use 


The ground charging characteristics of the PLSS primary oxygen sup- 
ply are shown in Figure 4.5-57. 

Pressure decay characteristics of the POS between ee and use 
are given by Figure 4.5-57.1. 


Recharge 


The recharge characteristics of the PLSS primary oxygen supply are : 
shown in Figure 4.5-58. \ 
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Pressure/Mass Relationship 


The PLSS oxygen quantity (mass) as a function of the POS source pres- 


sure is shown in Figure 4.5-59. Steady state temperature values were 
assumed in preparing the family of curves. 
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Figure 4.5-52 Oxygen Usage Rate Versus Metabolic Rate 
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Table 4, 5-ll Oxygen Quantity Indicator Markings and Accuracies 
OXYGEN BOTTLE PRESSURE RANGE 
HORIZONTAL POSITION ALL OTHER 
niccaians AND ZERO G POSITIONS 
0 : 160 psia Maximum 187 psia Maximum . 
110 psia Nominal 110 psia Nominal 
oe 60 psia Minimum 33 psia Minimum 
—) 7 
ot 1/4 ' 410 psia Maximum 437 psia Maximum 
360 psia Nominal 360 psia Nominal 
310 psia Minimum 283 psia Minimum 
1/2 660 psia Maximum 687 psia Maximum 
610 psia Nominal 610 psia Nominal 
560 psia Minimum 533 psia Minimum 
3/4 910 psia Maximum 937 psia Maximum 
860 psia Nominal 860 psia Nominal 
810 psia Minimum 783 psia Minimum 
2 F PS 1160 psia Maximum 1187 psia Maximum 
1110 psia Nominal 1110 psia Nominal 
1060 psia Minimum 1033 psia Minimum 


Each increment of indicator represents 50 psia. 
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Figure 4.5-53.4 Suit Pressure versus Time for LM Repress - On PLSS 
Initial POS Pressure - 300 psia 
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Figure 4.5-53.5 Suit Pressure versus Time for LM Repress - On PLSS 


Initial POS Pressure - 450 psia 
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Figure 4.5-53.6 IM Cabin Pressure at which to Terminate 
PLSS 0, During IM Cabin Repress (Final 
IM Pressure = 4.50 psia) 
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Figure 4.5-53.7 IM Cabin Pressure at which to Terminate 
PLSS Oo During IM Cabin Repress (Final 
IM Pressure = 4.70 psia) 
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Figure 4.5-53.8 IM Cabin Pressure at which to Terminate 
PLSS O5 During IM Cabin Repress (Final 
IM Pressure = 4.90 psia) 
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Figure 4.5-53.9 IM Cabin Pressure and Suit Pressure 
(With Breathe Down Effects Indicate 
PoP, Versus Time 4.5-66.9 
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Figure 4.5-53.10 Demonstration of Method Used to Derive Work 
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Figure 4.5-53.10 Demonstration of Method Used to Derive Working Curves 
(Figures 4.5-53.b through 4.5-53.8) From Figure 
h, 5-53.69 


4. 5-66.10 SNA-8-D-027 (IV) REV 1 


3 ie 


Volume IV EMU Data Book, - . . Amendment 23 
Subsystem Performance Data- PLSS. - . 10/2/69 


ll 
aietihs 
HHH 


rH 
ts 


0 © OFTHE HEE 

R Qo base Seeger 

SOQ 2 es 
| 
q. 
| 


SUPPLY PRESSURE 


Rees 


ith aero 
Hh 
30. 


ths 
H 
rune! 


tail 


TT 


i 


Seacueacet 


tt 
HE 
a 


oBths 


wry] 


Hr 


Ht 


HHL 
are 
Hit 


nag i 
iy 
oa 
li 


tettttty 


soecssas Sussencscgccsscssest 


Hi 
i 
Ht 
i 


HEH 
hit 
Hii 

i 

i 
i 


i 
Hi 


aE HEH EE 


: 
i 
I 
i 
ui 
i 
H 


i 
i i 


Hao 
aE 
bitty 
gi 
HH 
Ha 
i 
H 
H 


f 
F 


HH 
| 
Hu 
Ht 


i 
Hat 
tl 
! 


si 
i 
i 


i 

ty 
TH 
ute 


nh 

me 
Ni 
i 
i 
| 
il 
i 
i 


i 
Hi 
i 


; 
| 
| 

Ht 


sseitaay aoessisease aees seees seces Sctrecenss scescsersssvesserts: 
See ar ee pate ete eS 
=, <1 sa = 4 sebesscegecee=socers ——scre 
Ef fee pe es ro} 
° O} oD = r 
t m 2) 2) " 


(alSd) aynssaud L3TLNO Zo 
Figure 4.5-54 Primary Op Regulator Performance | 
te Wet Fy we | b.5-67 SMA Pe ReOes SAVES 


PF a od 


~*~ 

(ay 
2D 
oo 
aa 
2S 
ac 


Volume IV EMU Data Book 
Subsystem Performance Data - PLSS 


eae 
= 
4 
ae 


sueaE 
caeee 
os 
Hae 
borers 
= 
fesse 
= 
een 
= 
ne eee 
tes} 
Oo, 
QZ 
at 

i! 
a, = 
4 


poe 


So 


a 
Dane a 


ae 


i, Orifice 


TTT. BH 
i Ty 


a 


Beets 


JH/SQT - 89ey MOTH 


erry - os 
=H t fen 
eet re Ele 


4 


Ambient Pressure - PSTA 
Figure 4.5-55 POS Bellows Orifice Characteristic 


Ly, 


SNA-8-D-027 (IV) REV1 


45-68 


NASA — MSC 


Volume IV EMU Data Book Amendment 25 
Subsystem Performance Data - PLSS ~— 1/30/70 


H Sn See 
H REA 
: : SH 
Hi na cH ieaeeenee 
Chere 
: H : ieatestatiet 
ri A rr Bae SORE oO 
: H Ht PEE EEE XO 
H 4 tH Hee 
{+ i. HH EREER CERES 
= rH Ht EEE EEC 
cH KH SSPE SESCSEGE { 
Ee 4 HHP 
H H EEE 
7 i. HEE 
SES SESSE0) Be 
on 20S Ree ee 
HH Pry ianaer aun 
H SOSccee oe 
om Bau seeee jane 
= Cee oO 
rr rH i is or ain 
co 
a anaes 
a 
iH HH 
ct 
ae 4 
os a 


Hite | tH 


aeEee ry 
Becter ae 
ar I} ro FEE 
HE Tee af ite EEE te HH -f}-H- 
HH Pa sae Per bo Hit ite 
nee F aoeeeoon cH 


sitio PH 
sai nie 


Pee [o) 
TE HE a SEE 
eee 
chee “HEH 
SHOWER 

io) 


(VISd) emssezg %O Sod 


2.4 


Xo 1) 
co oO 


( 4H/saT) a7ey MOTT 10OVeTNZey 
Figure 45-56 POS Purge Time with Failed Open Regulator 


45-69 SNA-8-D-027(IV) REV 1 


POS Purge Time (Minutes ) 


POS Bottle Pressure - PSIA 


Volume IV EMU Data Book 
Subsystem Performance Data - PLSS— 


- Initial Charge 


1000 
800 Ht 
600 3 
eye) 
cr 
200 FEES 
seagal 
Besar, cae 
pepree gereee : 
) EEE EEE EE EP EE 
fe) ; 1.0 2.0 3.0 
40 


Amendment 25 
1/30/70 


Maximum Regulator Flow Capacity (Lbs/Hr ) 


Figure 4.5-56.1 Op Bottle Pressure Vs. Maximum Regulator 
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Figure 4.5-56.2 Time Prior to Low Pressure Warning 
With Failed Closed TOS Regulator 


4.5-69.2 SNA-8-D-027 (IV) REV 1 


9 


Amendment 2 
4/8/70 


Volume IV EMU Data Book 
Subsystem Performance Data - PLSS 


» EERE eee ee rai ‘Eee HH H Sape aeeky 
ate os 7 Po ne 
oan OF at Je Er aH ae a 

iF 


Io 7 emmyeczeduay, 8T420€ sod 


ONT O¢cT OOT 08 09 Ot 
CC : CI aa A Mother Patt tr 73 [ 
Ceres : Tes Roeano oBUT A ; 

S0e See ee sie Cece s dmedaiae ae SO [E aed 


4G nen! 


J0L 78 @FSd OZOT THN - 
0 neEn Pe Oe ee La ee oe ie 


EEE ae eee ae ere eee cae cane ee ee eee ee cere act el 


seatetoter tenaifases 


si iezbssssers ws <7 : HH 
Ss ieeaeiiearanetteti 


Sanat Fonsaanegnasveratvavierati 
Susduavseesdcarat fesseransoerasatssteasser 


iessiesestiseavecers aprersuaressearasesasaza: 


VISd - aMssergZ 879908 Sod 


Pressure - 


Figure 4.5-57 POS Bottle Temperature Vs. 


Ground Charging 


SNA-8-D-027 (IV) REV 1 


45-70 


— Volume IV EMU Data Book Amendment 37 
) Subsystem Performance Data - PLSS 12/16/70 


NOTE: PLSS POS Leakage 
1. Spec. Max. = 0.424 psia/Hr. 


2. Nominal = 0.212 psia/Hr. 
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Figure 4.5-57.1 PLSS POS Bottle Pressure Vs. Stowage Time 
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Figure 4.5-58c POS Charge Curves (Cont'd) 
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Figure 4.5-58D POS Charge Curves (Cont'd) 
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4.6 OPS 


The OPS is required to provide pressure control for all opera- 
tional modes. When used during purge mode, it also provides con~ 
taminant control. Although the system is not required to provide 
thermal control, some metabolic heat can be absorbed depending 
upon the dew point temperature at the purge port, the flow rate, 
and the temperature rise across the PGA as shown in Figures 4.6-1 
and 4,6-2. Figure 4.6-2.1 shows the crewman heat storage at 
various metabolic rates with OPS purge. 


4.6.1 Oxygen Supply 


When the OPS oxygen supply is fully charged, the supply pressure 
varies with temperature as shown in Figure 4.6-3. From the time 
of charging until mission use, the OPS supply pressure will vary 
as noted on Figure 4.6~3.1. The oxygen quantity (mass) as it 
relates to bottle pressure at various steady state gas tempera- 
tures is shown in Figure 4.6-3.2. The actual supply pressure is 
displayed by the OPS bottle pressure gage whose accuracy and con- 
figuration is shown in Figure 4.6-4. With the OPS mounted on the 
suit, and during the purge mode of OPS operation, the bottle 
pressure can be monitored by the crewman. The duration of the 

a OPS oxygen is dependent upon the oxygen usage rate as shown in 

. Figure 4.6-5. The bottle pressure decay during this mode, with 

: a nominal flow rate of 8.0 lb/hr, will be similar to that shown 
in Figure 4.6-6, and with a flow rate of 4.2 lb/hr, will be as 
shown in Figure 4.6-6.1. Figure 4.6-7 shows the 0, flow rate 


through the purge valve during purge valve operation, at high flow 
position, as a function of the suit pressure. The OPS blowdown 
time as a function of the supply pressure is given in Figure 4.6-8. 
The PGA pressure variation with time for a partial blowdown with 
failed open OPS regulator is shown in Figure 4.6-8.1 (results of 

a single test only). 


4.6.2 Oxygen Supply Residuals 


The residual oxygen in the OPS for the make-up mode of operation 
is 0.106 1b which corresponds to a pressure 100 psia at a tempera~ 
ture of 64° F. The residual oxygen for the 8.4 lb/hr purge mode 
of operation is 0.773 lb which corresponds to a pressure of 

500 psia at a temperature of -60° F. The residual oxygen for the 
4,2 lb/hr purge mode is 0.445 lb, which corresponds to a pressure 
of 300 psia at -60° F. (The -60° F temperatures refer to the gas 
temperatures in the OPS storage bottles.) 
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Oxygen Pressure Regulation 


The regulator outlet pressure as a function of the supply pres- 
sure and ambient pressure is shown in Figure 4.6-9. The OPS pres- 
sure regulator characteristics as a function of. supply pressure, 
supply temperature, and flow rate are shown in Figures 4.6-~10 

and 4.6-11. The performance of the OPS regulator can be verified 
during OPS checkout by monitoring the regulator checkout pressure 
gage which possesses the accuracy characteristics and configura- 
tion as shown in Figure 4.6-12. The OPS checkout orifice charac- 
teristics and bleed—down times are shown in Figures 4.6-13 

and 4.6-1h, 


‘The pressure regulation is controlled by a metallic bellows. The 


pressure is referenced to ambient by means of an orifice in the 
bellows. In the unlikely event of a leak in the bellows, the 

flow rate of the PGA oxygen through the orifice versus the bellows 
inlet pressure will be as shown in Figure 4.6-17. 


Temperature Control 


There are no temperature control devices in the OPS, except ther- 
mal insulation, because they are not needed. The regulator out- 
let, helmet duct, and crewman temperatures versus OPS discharge 
time are shown in Figures 4.6-15 and 4.6-16 for the warm and cold 
initial 0, supply conditions, respectively. 
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NOTE: OPS LEAKAGE 


1. Spec. Max. = 20 scc/Hr. 
Equivalent £00; 075 psia/Hr. 

2. Temp. Effects are not significant 
because of low leakage rate. | 

3. For regulator checkout, bottle 
pressure will degrade at approx. 
24 psia/checkout for the following 
conditions: 
A. OPS Pressure = 5000-6000 psia 
B. Temp. = 70°F 
C. Flow = 0.48 Lbs/Hr. for 3 Min. 
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Figure 4.6-12 Oxygen Purge System Low Pressure Checkout Gage 
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Table 4.6-1 OPS Power Supply Storage and Usage 
Time - Temperature Limitations 


TIME AT TEMPERATURE 
LIMITATIONS 


CONDITION OF 
POWER SUPPLY 


TEMPERATURE 
LIMITATIONS 


60 - 90°F 


Storage, unactivated 1 year maximum 


Storage, activated 
(a) 
(b) 


2h days total life 


24 days maximum 


ho - 60°F 
90 - 110°F 


6 days maximum 


(c) 110 - 130°F 4 days maximum 


Operation 35 - 130°F 
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NOTE: OPS LEAKAGE 


1. Spec. Max. = 20 scc/Hr. 
Equivalent to 0.075 psia/Hr. 

2. Temp. Effects are not significant 
because of low leakage rate. 

3. For regulator checkout, bottle 
pressure will degrade at approx. 
ou psia/checkout for the following 
conditions: 

A. OPS Pressure = 5000-6000 psia 
B. Temp. = 70°F 
C. Flow = 0.48 Ibs/Hr. for 3 Min. 
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Equipment Assignment Maxtrix and Appendix Data Location 


* Interchangeable between crewmen 


** Communications data combined with PLSS data 
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APOLLO Ml 
LIGHT PGA CHECKOUT DATA 
: - OF 
¢ . | PGA S/N 
Male EI Bs 
CPROAMAN | | 
| 7 PKS 
f Spc FACTORY CAT eens [ LaRe | REMA 
: i PL « ‘ 
sa F3QUIRGENT PDA PIA 
ellef Valve S/N JA Pe 
Crack | 5.5 pad mJ / Lp } / 
‘ 4.8 psi Le) WE) Le 
R t | 
esea : whe 
eae : CoNnstLg 
i j dL 
Pressure Gage =| S/N _Z#E on |N/A | SNS 
i 4 OrG 
0 pot | bt pet | Abe 3,5 
305 poi + .15 psi a | 
4 
ho psi + 15 ps - 
ne pad \ + .15 pet t: ; 
, ' + 15 psi \ is 
5.0 psd bos. | 2 
6.0 psi 1 + .15 pst 
eV Bu io 
D BTS psi + .15 pst 4.03 
3S Pod \ 
ee pot AV sce Las | Lh GO Stem 
(8 De psi 180 sec ; sg es fee 
3.15 psi 180 sec “WDD ese \ OLE Ses PY) as 


D e oe 
Pressure te ie ae 
AP (in 20) ES 
Flowrate scfm “ty 
Suit press. psia 
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ee 


7/14/69 
DATE 
—o a CEEOL OO 
TIE MESRICR MANAGES 
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SNA-8-D-027 (Iv) 


i) PLSS S/N OOO14 Characteristics a 
Channe | Actual ‘Reading Correspondence Value Telemetry Date 
3 . 4,00 PSID- 60 +°4 59.5 5/4/64 
3 3.00 PSID 20 +4 18.3 3/a loa 
4 100 mmHg 38.5 + 3 38.3 JSfalos 
4 200 mmHg (7743 77.2 5/4/69 
; end 1,05 amp 10.5 + 65 10.3 5/3/69 
of 65 amp 6.5 + .5 6.0. 5/3/69 , 
6 16 48 + 3.18 48.0 5/4/69 
6 «18 70.7 + 3.18 Te: 5/4/69 
2 950 86.5 + 2.5 86.3 5/4/69 
a 590 54 + 2.5 55.5 5/4/69. 
7 150 13.5 + 2,5. 15.4 5/4/69 
r Hot Hand Test © 57/4/09 
Yes - Passed 
9 iF 86 + 4. 88 5/4/69 
tO 77 86 + 4.4 87.7 5/4/69 
J Warning Indicator . 
Hi0, Flow Act 0.61 pph Deact. - 
. 60 
Low Vent Flow 4.62 acfm Deact. 
: 4.77 
PGA Pressure _ Act. 3.20 psid Deact. 
3.35 psid 
Feedwater Act. 1.47 psia Deact. 
1.520 psia 
: Table G-l § PLSS S/N 00014 Telemetry Readouts and. 
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THE DIVERTER VALVE IN THE "MAXIMUM! POSITION 
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PLSS 14 


Low Pressure 0, Loop Leakage 


2 
POS Leakage 
Regulator Internal Leakage 


OPS Backflow Check Valve Leakage 


Feedwater Loop External Leakage 


Feedwater to 0, Loop Leakage 


Feedwater and Transport Loop Leakage 


Transport Loop Leakage 
Water Shutoff and Relief Valve 


Feedwater Quantity 


High 0, Flow Sensor 
Low Vent Flow Sensor 
Low PGA Pressure Switch 


Low Feedwater Pressure Switch 


4.0 scc/min 


-405 psi/hr 


6) 
-06 lb/hr 
-018 inches HO. 

minute 

6) 
1.07 cc/hr 
.107° cc/hr 
Relief 56.0 psig 
Reseat 54.0 psig 

8.5 1b. ) 

Actuation 254 lb/hr 
Deactuation .54 lb/hr 
Actuation 4.78 acfm 
Deactuation 5.00 acfm 
Actuation 3.17 psid 
Deactuation 3.30 psid 
Actuation 1.40 psia 
Deactuation 1.52 psia 
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PLSS S/N 00014 Characteris 


0, Regulator Performance 


. Bottle Pressure (Psig) Flow (Lb/hr) Regulated Pressure (Psid) 

86 - .07 3.84 

86 36 3.80 

89 o ant y, oP 3.86 
938 .07 3.90 

230 .70 ». Bers 

235 07 3.85 

1105 -.07 3.90 

1104 2.00 972 

1105 & ghiy 3.85 


Pump Performance - see Curve 


Fan Performance - see curve 
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OPS Characteristics 


OPS PREFLIGHT PIA DATA 


KEY PERFORMANCE CHARACTERISTICS 


OPS S/N 0008 ° 
1.. Checkout gage accuracy - Actual A P Indicated AP ; 
3.43 3.5 
Se 1D 3.8 


2. Low pressure external leakage indicated leakage - 1.386 x 1074 ec/sec 
at 4.25 psid. 


3. High pressure external leakage indicated TORREEE - 0.14 x 107 “4 ec/sec 
at 6750 psid. 


4, Internal leakage (across regulator) indicated leakage - zero 

5. Purge flow performance 
Thirty minute flow at 8 lb/hr. ; ) 
Bottle pressure decayed from approximately 6400 psig to 1700 psig. 
Regulated AW P varied from a maximum of 3.68 psid to a minimum of 
3.43 psid. 


6. Make-up flow performance - 


With bottle pressure of 5750 psig and flow of 0.08 lb/hr., the 
regulated A P range between 3.63 psid and 3.775 psid. 
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APOLIO ll 


' 3LIGH? PGA CHECKOUT DATA 


_PGA S/N 
oa cae , ; SPEC, FACTORY ‘CAT | FLIGHT FLIGHT : rd 
as PRUGSENT | ppaA | pra PIA DAY | deseiaes 
Relief Valve S/N 210 
Grae) ! OR 
i; 4B pst | oc 
Flowrate OSS p5¢g Se or dats Bi 4.67 65 
eee es ae ey pete Ca 
Pressure Gage | s/w 247 3 
-— bd ‘ Ve 
3.5 pai an = heaeaa =ar 
4.0 psi | + 215 pst AS} as d 
<0 psi : ' , a : ¢ ty : 
ae : * 015 psi. ; TO 
\ (0G pat ; + .15 pat aN 6.0 
/ % 4 ney or, oe ° 
we 3.15 pss : + 15 ped Woy 
Leakage - 
d gun | Wo | | | 
ee ! 180 sec $F scc/ i q 
. ps 180 sce £0 /, 05's Ay 
sec 3\ S/n 
Pressure Drop : | 
9 112.0 6F 
AP (in Hed) } RS AS p34 IS 1a AO 
Plowrate scfm At ley —P—— 3S pseg 9.5 mht 
Suit Press. psia | wn ae “ey 4,0 
| Yr 0 —— | S—_|_ 2-789) 3.3m %2 
{ E 
Be Ban Ua ach oc eee es 1/14/69 
ma wi NAG es. DATE 
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“PGA and Accessories Characteristics-Mission G-1 
APOLLO 


¥LICI2 LCG CHECKOUT DATA 


“CNBAMAN ve TkG S/N . 


2s j SPEC. FACTORY | CAT FLIGHT | FLIGHT REMARKS 
pfs QUIREMENT PDA PIA PIA DAY , 
eight ems} 57h 2ez-|. 
c Pres: ure { - pel 
° Date/Time 22 120 
ure drop . ps iq 67 
*lowrate indicated|3.0 +°.1 1b/min 1°3 psi 
jQeD + o1 1b/ming [o'7 psto} 
3.8 + .1 1b/min 2Opsi 
4,0 + .1 1b/min 2-lpsie\ 
= ly, 54 = ol 1b/min 2.6 pre 
2090 = el 1b/min pT RTEN 3, 1 pre 
4 
| 
{ 
| 
t 
a 
1{ui/69 
G-1le 
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PGA and Accessories Characteristics - Mission G-1 


Purge Valve 157 


Flow Rate = 8.2 lbs/hr. Oo at 90°F 


Leakage Rate = 0 scc/minute at 3.75 + .25 psig 
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Figure c-6  PLSS CO, Partial Pressure Versus Time _ 


G-15 SNA-8-D-027 (IV) REV1 


Dry Weight* (lbs. ) 


Charged Weight** (lbs.)] 79. 


a 


O» Pressure (psia) 


Battery Activation Date] 7/13/69 7/13/69 N/A 


Lanyard Slide (in.) 
Switch Overtravel (in.) 
F/W Quantity (lbs.) 
T/ad Quantity (lbs.) 
LiOH Weight (1bs.) 
RCU Weight (lbs. ) 


Battery Shelf Life 


mo? Serial .No. 
Pattory Serial No. 


LiC4 Cartridre Serial 
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Consumables Data - Mission G-1 


JULY Li, 1969 


AFCLLO 11 CRITICAT, DATA SEAARY SITET 


29,6251 29.5625 | 29.6000 
40.25 40.0 N/A 


que eye, 1022 1027 5950 @ 74°15 5950 PSI }5960 @ 74 


F @7, F {rt 


"7/10/69 7/11/69 | N/A 
N/A W/A N/A 6175 .618 .606 
i/A N/A N/A .010 O12 017 
3.5628 8.6251 8.5625 N/A N/A N/A 
14375 1.2500 1.3125 N/A N/A N/A 
4.6000 4.6875 N/A N/A N/A N/A 
Sukes 5.188 N/A N/A | N/A N/A 


Jan. 1969] Jan. 196; N/A 


FLSS O14 PLSS 015 PLSS O1< OPS _ 008 OFS _013 Crs oll 
Sept. 196B Sept 1968] N/A 


008 O1O N/A N/A N/A N/A 
147 S-139 T/A S-47 S-46 N/A 
125 128 /u4 N/A N/A n/A 


Less POT, Thormal Cevav, Earness, Pabtery and Cartridge 


"* Completely Flight Conflpuread, Leas RCU 
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Figure G-8 
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“IMP and CDR PLSS Battery Depletion Rate 
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Figure G-9 . 
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G-10 LMP Nominal Lunar Surface EVA Metabolic Profile 
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Figure G-12 
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G-22 


La 


“a 


. barnes | Actual Reading Correspondence Value Telemury ore 
3 "4.0 psid ee 58.8 4/30/69 
3. 3.0 psid 20+ 4— 18.1 = 4/30/04 
4 “101 mmbig 39943. 38.4 4/30/69 
4 200 mmHg ee oe 76.75 «4/30/68 
5 lel amp Ll + 65% ct ee ae 4/30/69 
5 £58 amp 5.8 + 65% 5.8 4/30/08 
6. 16 volts” 48 + 3.18 48.8. 4/30/69 
6 18 volts: 71 + 3.18 70.90 4/30/69 
7 950 psig 87 + 2.8 85.7 4/30/69 
7 600 psig 55 + 2.8 57.4 4/30/69 
So 150 psig 14 + 2.5 16.0. 4/30/69 
8 - Hot Hand: Test. - 4/30/69 
‘Passed. _ 
9 77.2° F 86 + 4.4% 87.7 4/30/09 
10 a 86 + 4.4% 85.7- 4/30/69 
Warning Indicators — 
Hi 0, Flow Act. 0.59 pph Deact.- 
8 ; 0.56 pph | 4/30/09 | 
Low Vent Flow Act. 4.79 acfm Deact.- 
: 4.88 acfm 4/30/64 
PGA Pressure Act. 3.29 psid Deact.- 
. 3.34 psid 4/30/09 
. Feedwater Act. 1.33-psia Deact.- 
4/0/09 
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1.46 psia 


Table G-~2 PLSS S/N 00015 Telemetry Readouts and 


Warning Indicator Actuation Points 
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Figure 6-13 
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Figure G-14 PLSS S/N’ 015» SUBLIMATOR CALIBRATION CURVES wITH 
“THE DIVERTER VALVE IN THE *MAXIMUM! POSITION 
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Phe. 15 
Low Pressure O Loop Leanane 4,5 S55 
2 7 min 
POS Leakage * Actual reading ~ pressure increase 0 : 
of .05 psi MRB Iny-off 
hr 
Regulator Internal Leakacc 0 
S$ q T 2 rp lb 
OPS Back Flow Check Valve Leakage 06 a 
Fecdwater Loop Externa: Leakage .004 inches H,0 
minute 
Feedwater to 0, ‘Loop Leakase 0 
Feedwater and Transport Locp Leakage 1.61 = 
cc 
Transport Loop Leakage -21 me 
Water Shutoff and Relief Relief 57 psig 
Reseat 54 psig 
Feedwater Quantity 8.5 1b. 
. : lb 
High 0, Flow Sensor Actuation .495 oe 
Deactuation .48 lb 
hr 
Low Vent Flow Sensor Actuation 4.68 acfm 
Deactuation 4.92 acfm 
Low PGA Pressure Switch Actuation 3.20 psid 
Deactuation 3.27 psid > 
Low Feedwater Pressure Switch Actuation 1.38 psia 


ecactuation 1.52 psia 3 
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O,_Regulation Performance 


Bottle Pressure (psig) __._ Flow (1b/hr) Regulated Pressure (psid) 


85 07 . 3.90 
88 “meeggg. “at 3.87 
90 8 07 3.92 
2384 ; 07 3.96 
235 .70 3.88 
235, .07 : 3.93 
1105 — .07 ~ "3,99 
1102 7 1.97 . 3.83 
1110 07° 3.97 


Pump Performance ~- See curve 


Fan Performance - See curve 
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OPS Characteristics 


OPS PREFLIGHT PIA DATA 


KEY PERFORMANCE CHARACTERISTICS 


OPS 8/N 00013 fo 7 


1. . Checkout gage accuracy - Actual P Indicated P 
3.5 psi 3.45 psi 
3.8 psi 3315 pst 


2. Low pressure external leakage indicated leakage - zero ec/sec at. 
4.25 psi iP. 


3. High pressure external leakage indicated leakage - 1.03 x 1074 


ec/sec 
at 6750 psi P. 

4, Internal leakage (across regulator) indicated leakage - 24 cc/min. 

5. Purge flow performance - 
Thirty minute flow at 8 lb/hr : ) 
Bottle pressure decayed from approximately 6000 psig to 1200 psig 
Regulated P varied from a maximum of 3.655 psid to minimum 
of 3.45 psid. 

6. Makeup flow performance - 


With bottle pressure of 6750 psig and flow of 0.08 lb/hr., the 
regulated P ranged between 3.785 psid and 3.8 psid. 
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c Sie HBome___ os PGA S/N 
Py SP3c. FACTORY | CAT | FLIGHT | FLIGHT REMARKS 
* _P2QUTR CEMENT PDA PIA PIA DAY 
' Rel lef Valve S/N | ae EU rik: \ : 
Crack ' 8,5 psi 4,90 4, 8S PS 
- Reseat. 4.8 psi, 4.75 4.65 yest 
Figvrate OSS pug . 3,0 
Presugre Gage 1 S/N 24 q /conseue 
4.0 Pet } + -15 psi Ae) 
5.5! (pat i + .15 psa 32:58 
oO" pe | + 15 psi 40 OFS 
keS pel 1 + 15 ped L2BO 
B60 pri | + .15 pea lb 
J, 6.0 pst : + +15 ps4 B2lO_ 
Fe Sint pet ; + .15 psd BB 2 
Yoo 4/0 
Leakage 
lS Es 
Sig pai 180 sce We | Seec/on 
ben od | 180 see 33 secf, lv Gevves 
° PS" psy ‘ SO scc/m EV ocover 
‘Pressure Drop por 12.0 a Jed} 
AP (Cin H20) : TE EE IS stg ous 7 me, 
> 
Flowrate scfm | B.S psig | 8.0 1% 
y Suit press. psia | 9.0 CF? 
H 


3-9 S43. in. 4,0 


amen acimsasmmemntaieanemes orer cane ncnmer ee eed 
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APOLLO 


“LIGs2 


R¢ = ONC. 


LCG CHECKOUT DATA ; | : 
7] 
icc S/N 
FLIGHT 
DAY 


FACTORY 
PDA 


CAT 


FLIGHT 
PIA 


REMARKS 
PIA 


(762 9ms 


Gt» Io, 


? 
it] on 
Fes iD 
l —& pemedeenprenet.'? 
LVWS | : 
2235 


255° 
ZrG@ 


psid 


eed 


CASAIAN 
a { SPEC, 
saa ‘___ REQUIREMENT 
: 1 

Weight , | gms 

eight ems 

‘ee Pressure — psig 

‘ec Date/Time | 

inure drop | 

Flowrate nee 20 +°.1 1b/min 
jo-5 + .1 1b/min 
3.8 + .1 1lb/min 
4.0 + .1 lb/min 
4.3 + 11 1b/min 
1 —_ 
74.5 + «1 1b/min 
3-0 + .1 1b/min 


=. mee 


ens meres #8 


herent “oan Yue Matinee eed ee 


ae a 
ve a ee MANAG I 


HLL 
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PGA and Accessories Characteristics - Mission G-1 


Purge Valve 155 


Flow Rate’ = 8.2 lbs/hr. Oo at 90°F 


Leakage Rate = O scc/minute at 3.75 + .25 psig. 
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Figure G-17 CDR Feedwater Depletion Rate 


G-34 


i i } 
ee Bey or anaes Sa fate Rar oh ig 
t 


i 


: Volume IV EMU Data Book 
Consumables Data - Mission G-1 


_ 240%" Pe 


a, Coan 


ig Shay SIL 1s” 


SNA-8-D-027 (IV) REV1 


Figure G-18 


CDR Oxygen Depletion Rate 
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Figure G-19 


CDR Nominal Lunar Surface EVA Metabolic Profile 
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CDR Nominal Lunar Surface EVA Metabolic Profile (Cont'd) 
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Equipment Assignment Matrix and Appendix Data Location 
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* Interchangeables between crewmen 


** Communications data combined with PLSS data 
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APOLLO - 


FLIGHT PGA CHECKOUT DATA 


R.Ge 2p, CHP ne ATL 
CRERMAN my oe 
aay | SPEC. ractory | cAT | Pricut | FiicHT | REMARKS 
REQUIREMENT | PDA PIA PIA DAY 
1) Relie? Valve | S/N_ N/A _ | ; a | 
Crack Le > a a oe wee | | 
Reseat 4.8 psi 1 
Flowrate \ ; Seacoast LA 
2) Pressure Gage s/n aé/ | 
3.0 psi + .15 psi Saeeers B.92 
3.5 psi | + .15 psi es ee 78 Lo 
: se a 27 
e 4.5 psi | SP abepet fe | st 
| 5.0 psi | + 15 psi ee, 
6r0-psi- SUPSC | + 15 pst || Sr VP 
| 3.F5-pei C6 psec. i + 615 psi 297 
7 3) Leakage | | 
| 0.2 psi > | 180 sce fee 
| 3.75 psi 180 see a ee 
4) Pressure Drop | “4 | 


AP (in Hod) | 


Flowrate scfm 


: 


deme oe ee ee ed 


ial 


Suit press. psia 


saws om a nee) SS 


eee See 


SSD MISSION MANAGER “DATE 
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(THIS PAGE INTENTIONALLY LEFT BLANK) 
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y IMP - Mission H-l 11/12/69 
. S/N_00018 

- ‘Low Pressure 0, Loop Leakage 0 SGC/Min. | 
‘POS ewes ee S ike AN ee i. 0.49 psi.hr . 
Regulator Internal eceass a “.* 0 S6C/min. 

£ OPS Back Flow Check Valve Leakage 0.2 pph 

_ Feedwater Loop External Leakage .0008 in. H,0/Min.: 
Feedwater to 0, Leakage — . 65 S6C/Min. 
Feedwater and Transport Loop Leakage 1.55 cc/hr. 
Transport Loop Leakage | 0.27 ec/hr | 
Water Shutoff and Relief ‘Relief 58 psi 


) - . ; Reseat 49.5 psig 
Feedwater Quantity | . - 8.475. pounds. 


. High 0, Flow Sensor Actuation 0.51 pph . 
i 
: -Deactr ation 0,50 pph 


Low Vent Flow Sensor a Actuaiion 4,01 acfm 


Deactiation 4.10 acfm 


; low PGA Pressure Switch Actuaiion 3.25 psid - 
7 Deactration 3.35 psid 


Low Feedwater Pressure Switch Actua‘ ion 1.43 psid 
. Deactiation 1.51 psia 
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IMP - Mission H-1 .- 11/12/69 2) 
; = 
se PISs S/N O18 
oF Regulation Performance 
oS 
Bottle Pressure si Flow (lb/hr Regula ed Pressure (pid) 
82 ‘ 207 3,87 
85 2350 3.85 
90 07 3.90 F 
235 07 3.9 
235 265 3.82 
230 07 3.90 
1100 07 3.92 
1105 2.0 3.78 
1110 07 3.91 } 


Pump Performance - See curve. 


Fan Performance - See curve. 
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ee - * IMP - Mission H-1 11/12/69 _ gt “oe. 


OPS PRE TRICHT PTA DATA 


KEY PERFORMANCE CHARACTERISTICS 


OPS s/n 018. SV 730101-2-15 


1. CHECKOUT GAGE ACCURACY © 


Actual Delta P Indicated Delta P re 
3.5 psid 3.45 psid 
3.8 psid 3.73 paid 


9. TOW PRESSURE EXTERNAL LEAKAGE 


Indicated Teakage ' 0 erty 
Delta P ’ 4,25 pei A 


3 HIGH PRESSURE EXTERNAL LEAKAGE. 


Indicated Leakage 0 oe/rer. 
Dalta P Full Charge 


4, INTERNAL TEAKAGE (ACROSS REGULATOR) 
Indicated Teakare 12.50 -eefrin. 


5. PURGE FLOW PERFORMANCE FOR THIRY-MTNUUE FLOW AT 8.3 LRAT FTOW RATE 


Bottle Pressure = Start — . 6500 pair 
400 . 
Stop pair 


Regulator Delta P During Run 


Maximum 3.68 sid 
223 
Minimum 2 prid 


6. MAKE-UP FLOW PERFORMANCE 


Bottle Pressure 6750 psirc. 

Flow Rate 0.08 Lb/hr 

‘Regulated Delta P Range 3,73 BSED on ae 
Maximum ae psid = 

. _Minimom psid 


a ll ema —maasical eh fice, Pied aetna 2s, OS: sbiipae, fT oad ce am 
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IMP - Mission H-1 11/12/69 
APOLLO 42 
= | | FLIGHT PGA CHECKOUT DATA 
A. pean, LMP 7L-067 
CREWMAN POASEEN 
Tr SPEC. FACTORY | CAT. } FLIGHT | FLIGHT REMAPKS 
' REQUIREVENT PDA PIA PIA DAY x 
1) Relie? Valve | S/N 208@. | 
| 
Crack 5.5 psi ET os « 
Reseat / 4.8 psi 5,0] 
Flowrate 4,8 
. pape «eet BE 
2) Pressure Gage s/n_/4¥3 
3.0 psi | + .15 psi : age 
3.5 psi | + .15 psi 3,47 
4.0 psi + .15 psi 3.98 
4.5 psi + .15: pei. 4,5" 
5.0 psi | + .15 psi 5,0 
| 
6.0 psi ; * .15 psi 6:40 
3.75 psi { Re 15 psi Np 
4) Leakage | 
0.2 psi 180 sec 3,5 
3.75 psi | 180 sec 57/ | 
i 
4) Pressure Drop ; | 
AP (in : | £3 
(in Hod) | 3 ys F: 
Flowrate scfm: Ait fa. 
Suit press. psia | lad A Fe 
| ie cae 
ij 7 "ha j * 
Fy mede LV mold t 
CSp MissSi0\ MANAGER DATE 
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aponie = {2 


WLIGH? LOG CHICKOUT DATA 


—o——— | 
CnSvMAN LCG S/N 
7 Factory ! cat pai 24 
a REMARKS: 
aus | “ppa__|_PTA : 
Weight . | 
weight ; 


ge Pressure 
ge Date/Time 


sure drop 


' psi 
Flowrate indicated: 3.0 +°.1 1b/min [oF 

305 4 1 ces | Lf. 
(3.8 + .1 1b/min 27 
54.0 + .1 1b/min Epes 
i at Ee 
‘4,3 + .1 lb/min Reg 
y “ 
45 + .1 1b/min ee : 
i. on on ee 5 
60 a el lb/min : $y 
| 
j 
i 
| 

es 

{ 
: t 
: | ! 
; : A 
: 
"PD Mac MAMAGES Poet DATE 
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Purge Valve 139 
Flow Rate = 7.9 lbs/hr O02 at 90°F 


Leakage Rate = O scc/minute at 3.85 + .15 psig 
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CDR - Mission H-l 11/12/69 
PISS. 
S/N_00019 
‘Low Pressure 0 Loop enkdize 0 scc/Min. 
POS Leakage = sw 0,21 psi/hr 
- Regulator Internal. Leakage a _° 1 Sc¢/Min 
OPS Back Flow Check Valve Leakage 0.9 pph 


Feedwater Loop External Leakage 0.0016 in H,0/Min. 


Feedwater to 0, Leakage | . 56sec /Min. 
Feedwater and Transport Loop Leakage | 1.34 ce/ht 
izansport Toop Leakage 0.27 co/ne 
Water Shutoff and Relief - Relief 57 psig 
Reseat 54 psig 
Feedwater Quantity . 7 _ 8,500 pounds 
High 0, Flow Sensor - . Actuat-on 0.55 pph 


Deacturtion ©,60 pph 
Low Vent Flow Sensor = _ Actuat.on 4.42 acfm 
| Deactuition 4,45 acfm 


-- Low PGA Pressure Switch Actuat -on 3.19 psid © 
. Deacturtion 3,28 psid 


Low Feedwater Pressure Switch Actuat .on | 1.45 psia 
Deactu:tion 1.55 psia 
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PLSS 019 


Oo, Repulation Performance 


Bottle Pressure (pci; Flow (lb/hr) Remrbafied Tre 


ae (p. id) 


85 207 3,87 
85 035 3.84 
85 207 3.86 
230 0075 3,88 
230 70 ce bs) 
230 »08 3.86 
1106 208 3.89 
1100 1.98 3.78 
1105 08 3.88 


Pump Performance = See curve, 


Fan Performance = See ‘urve, 
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OPG PRE FLIGHT PIA DATA 


KEY PERFORMANCE CHARACTERISTICS 


ps S/N O11 SV_730101-2-15 


1. CHECKOUT GAGE ACCURACY 


Actual Delta P Indicated Nelitia P 
3.5 psid 3.4 psid 
3.8 psid 37 psid 


2, LOW PRESSURE EXTERNAL LEAKAGE 


Indicated Tearage 0,0000333 aa 
Delta P 4625 pod 

2. TCU PREC eh RO CTERNAT, TRAKAGE 
tr sober Fenkerapee 0.0Q000015 aS 
Deloa P Full Charge psid 


i. TNTERNAL LEAKAGE (ACPOSS REGULATOR) 
Indicated Leakars Less Than 1.0 aufmin, 


5. PURGE FIC: TI RFOPMANCE FOR THTRT_MINUTE FLOW AT 8.3 T.e/VP TOW RATE 


Bottle Pressure = Start 5900 paige 
100 
Stop 5 per 


Refulator Delta P During Run 


Maximum 3.67 psid 
Minimum 3.60 psid 


6. MAKF.=i'P FLOW PERFORMANCE 


Bottle Pressure 6750 pair 
Flow Rate 0.08 lb/hr 
Regulated Delta P Range 3.72 PSIA 
Maximum psid 
_ Minimum be ete pea 
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ed 
Se 


Covered 
CRERMAN 


ITEM 


1) Relief Valve 
Crack 
Reseat 


Flowrate 


2) Pressure Gage 
3,0 psi 
3.5 psi 

° 4.0 psi 

} 4.5 psi 


a 


a 


50 psi 


SS Gee psi 


6O 37> psi 


3) Leakage 
0.2 psi 
3.75 psi 

4) Pressure Drop 
AP (in Hed) 


— Flowrate scfm 


Suit press. psia 


ee ie ee 


| CED Missiow MANAGER 
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APOLLO YT 


FLIGHT PGA CHECKOUT DATA 


SPEC, 
_REQUIREMEN 
S/N 2025- 

5.5 psi 
4.8 psi 


S/N 2. 


715 psi 
05 psi 
oL5 psi 
psi. 
015 psi 
15 psi 
015 psi 


1+ d+ $4 14 14 f4 4 
| oad 
NI 


180 sec 
180 see 


. 2: 6S | 
"PGA Cp 


FAcToRY | CAT FLIGHT | FLIGHT 


PDA PIA | PIA _DAY FINES 


baewks 


eee 


Hechzbo\ 0.24057 4 
. H 
/ i’ ff < 
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APOC [2 
YLICH? LCG CHICKOUT DATA 
a US OY 
CaIMAN LcG S/N 
TT=M 


Dry Weight 

Wet weight 
Charge Pressure 
Charge Date/Time 


Pressure drop 


i , psi 
at Flowrate indicated 5.0 + .1 lo/min y, F | 
ees | 2s Seen Domine nIs 
yim ib/min| re 
i @ ° j é Z 
ih © + .1 1b/min | Z 
h.5 + .1 1b/min a en a 92 
@ 4S + .1 1b/min 265 
i #8 = See oe re 
5.0 + 41 ib/min| Eatin 
i 
: | 
| | 
| { 
| : 
Eh Maco & SaNAGsen DATE 
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Volume IV EMU Data Book 
PGA and Accessories Characteristics - Mission H-L 


Purge Valve 138 
Flow Rate = 8.0 lbs/hr 02 at 90°F 


leakage Rate = O scc/minute at 3.85 + .15 psig 
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Dry Weight* (1bs.) 
Charged Weight** (ibs.) 


.¢) 


_ Battery Activation Date 


- Lanyard Slide (in.) 


‘Switch Overtravel (in.) 


FW Quantity (1bs.) 

* TW Quantity (1bs.) 
 LiOH Weight (1bs.) 
ROU ‘Weight (1bs.) 
Battery Shelf Life 
RCU Serial Number 
Battery Serial Number 


LiOH Cartridge 
Serial Number 


> Pressure (psia)(70°F) 


Volume IV EMU Data Book At | 
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. 


APOLLO 12 CRITICAL DATA S MMARY SHEET 


PLSS 018 PISS 019 PISS: PS O11 OPS 018 OPS 


55.750 . ' 29,875 -] 30.188 


79.371 ‘ HL 40.125 | 40.625 


1020 5815 5815 | 
11-6-69 11-769 
0.615 0.034 
0.017 0.012 


23 


* Less RCU, Thermal Cover, Harness, Battery and Cartridge 


** Completely Flight Configured, les. RCU 
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Predicted Lunar Surface EVA Walking Metabolic Rates 


Various activities such as Environmental Familiarization, ALSEP Return 
Traverse, Geological Traverse, Complete Geological Traverse are con- 
sidered to be primarily walking modes of activity. The average metabolic 
rate for these activities based on predicted and real-time estimates is 
1050 BTU/hour. It should be understood that this prediction is subject 
to future revision as further data becomes available. At present, data 
have not been obtained on Geological Traverses -nd ALSEP Traverses., 


Also, changes from expected walking speeds or terrains would affect the 
prediction. — . 
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Contents - Mission H-2 4/13/70 
CONTENTS 

Loading Chart Page H2-2 

Consumables . Page H2-4 

Performance ji Page H2-10 
PLSS 7 Page H2-10 
OPS Page H2-26 
PGA Page H2-38 
LCG Page H2-39 
Purge Valve ; Page H2-39 
Thermal ' Page H2-4o 


CREW EQUIPMENT SERIAL NUMBERS 


*INTERCHANGEABLE BETWEEN CREWMEN 
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LOADING CHART 


"SPEC a a | 
Six [wor ras | s/n [wor us [s/n WOT LBS 


EV/PGA with ITMG (including IV 55.29 078 53.79 061 53.49 
Gloves, Helmet, and Comm Car- 
riers, EV Gloves, Lunar Boots) 


Iv/PGA with IVCL (including IV 37.15 082 = 37.64 
Gloves, Helmet, and Comm Car- 
riers) 
LCG = Dry _ 095 3.833 086 4.131 
Wet 5.00 095 4.509 086 4.806 
H20 Wt. 095 0.677 086 0.679 
cwG 0.90 isk .77 1230.77 1293.77 
FCS | 0.50 113 .38 115.37 109.32 
UCTA 0-55 3963 .47 3965.47 3964.47 
Bio-Belt 0.25 1399 .18 1408 .18 1403.18 
Bioinstrumentation Assembly 1.10 019 174.2gm 021 174.0gm 020 174.0gm 
EV Gloves (pair) 2.5 075 2 lbs 080 2 lbs 
7 oz 6 og 
LEVA . 5.90 O10 5.75 OLS 5475 - 
Helmet Protective Shield 0.95 085 =. 854. 
Lunar Boots 4.9 4 lbs 035 4 lbs 
11 oz 9 oz 
Purge Valve 0.55 146 .4oh 147 Ok 
PLSS, Dry* with 02 Charge - O2L 57.23 020 56.26 
PLSS, Fully Charged** 83.76 021 . 80.00 020 80.875 
lbspax 
Feedwater Quantity 8.30 021 8.59 020 8.53 
1oSinin 
RCU 4.50 00019 5.11 00024 5.13 
lbsSyox 
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LOADING CHART 
(Continued) : 


Batteries, PLSS 


EVA I 5.55 $198 5.3 §-190 5.52 
lbspax 

EVA II 5.55 §-206 5.48 S-209 5.47 
1b Smax : 


LiOH Cartridge 


EVA I 4.63 149 4.58 147 =4..56 
1lbsmax 
EVA II 4.63 150 4.56 151 4.60 
lbs8pax 
OPS, Uncharged 015 30 lbs 030 29 lbs a 
oz 12 oz ) 
OPS, Fully Charged Tal 015 4O lbs 030 40 lbs a 
: lbsmex 11.2 o2 4.2 OZ 
Batteries, OPS 2h28gm §-089 2139gm  S-086 2162gm 
Delta Weight = 02 015 5.73 lbs 030 5.75 lbs 


* Less RCU, Thermal Cover, Harness, Battery, and Cartridge 
** Completely Flight Configured, less RCU 
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Consumables ~- Mission H-2 4/13/70 
CONS UMABLES 
ee rN; 
Batteries, PISS 
EVA I 
S/N S-198 S-190 
Activation Date 4-770 47-70 
Shelf Life 12 days 12 days 
EVA II 
s/N tz S-206 S-209 
Activation Date 4 7= 70 4.'7~'70 
Shelf Life 12 days 12 days 
LiOH Cartridge 
EVA I 
S/N ° & 00149 0014-7 
EVA II 
S/N 00150 OO151 
Feedwater Weight (1bs) 8.59 lbs 8.53 lbs 
Oxygen Pressure, PISS (psia) 1020 + 10 1030 psia 1030 psia 
psia 
Batteries, OPS 
S/N S-089 S-086 
Activation Date 43-70 43-70 
Shelf*Life- 2h days eh days 
Oxygen Pressure, OPS (psia) 5880 + 80 5960 psi 5930 psi 
psi 
OPS Gage + 300 6100 psi 5990 psi 
He-4 SNA-8-D-027(IV) REV. 1 
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Apollo 13 PLSS Expendables 


~ Main Fower Supply 


Amendment 30 
4/13/70 


The main power supply has & two sigma power rating of 279 watt-hrs. 
With a PLSS power consumption of 43.5 watts, based upon Apollo 13 

crew training exercises in SESL, the power supply will last 5.75 hours 
with the following checkout data: 


-Checkout EVCS: 4O minutes @ 0.7 amps 
Fan : 30 minutes @ 2.0 amps 
Pump: 15 minutes @ 0.6 amps 


NOTE: Above information based on voltage of 16.8 volts. 


Feedwater 


With an 8.5 lb charge and unusable water as follows, there is 7.54 lbs 


of usable feedwater. 


- Residual: 0.23 lbs 
Slave : 0.60 lbs 
Leakage : 0.13 lbs 


See page H2-6 for curve of mission time versus metabolic rate. 


Oxygen - EVA I 


With a charge pressure of 1020 ueic. there is 0.953 lbs (mass) usable. 
This is based on the following overhead requirements. 


Instriment error: 
Leakage check: 
Metabolic (Fan on 


to Cabin Depress): 


Cabin Repress: 


50 psi 
36 psi 


34 psi 
21 psi 


See page He-7 for curve of mission time versus metabolic rate. 


Oxygen - EVA II 


With a charge pressure of 927 psia, there is 0.838 lbs (mass) usable. 
This is based on the same overhead requirements as for EVA I. ‘The 
charge pressure is based on a 942 psia IM regulator performance and a 


15 psi loss due to PLSS bottle cool down. 


See page H2-8 for curve of mission time versus metabolic rate. 
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¥ PLSS Performance - Mission H-2 4/13/70 
; PERFORMANCE vo . "6 , weer eet vert A 
i . or ae 
PLSS 
-S/N 021 020 
«Leakage 
Low Pressure 0, Loop (ssc/Min.) 20 SCC/Min 0.0 SCC/Min © 0.0 
POS Pressure (PST/Hr) .5 PST/He wh2 PST/tr 22 PST/tr 
Regulator Internal (scc/min. ) 25 Scc/Min 0.0. 0.0 
OPS Backflow Check te Below ' Below .06° 
Valve (lbs/Er) =. ,5 Lbs/Hr .06 Lbs/Hr ‘Lbs /Hr 
External Feedwater . (In HO .034 In. Hp0/ 00 .00066 In. Ho0/ 
Min) Min Max. Min, 
Feedwater to 0p Loop (scc/Min): 175 Scc/Min 82.5 Scc/Min 37 scc/Min. 
Feedwater and Transport (CG/Hr) ’ 1.65 CC/Br 1.56 CC/Hr 1.45 CC/Hr 
Loop Max 
Liquid Transport Loop (cc/ar) 627 CC/Hr: 216 CC/Hr -,05 CC/ar 
; Mex 
~Pressure Rise, Low Pressure 
Op Loop N/A 
Fan ‘performance at least five 
points of pressure rise vs flow 
at 3.85 4% 0.15 PSIA. 
1) (ACEM/Tn. 1,0) 5.50/3.28 5.5/2.9 
2) 4, 22/3.93 4,22/3,61 | 
3) SNA-8-D-027(IV) REV. 1 b.75/3.63 h.7/3,26 
h 7 : e e e : : 
) ee 5.28/3.35 5.28/30 
5) 6.04/2.86 6.02/2.5 
6) 6.49/2.54 6.48/2.18 
0) 0/%.90 o/k.87 
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PLSS Performance ** Mission H-2 4/13/70 
PERFORMANCE . 
PLSS, (cont'a) . oe | SPEC. CDR. TMP, 
-Sensors | . PLSS _ Piss 
021 020 
High Op Flow 
~ Actuation (Ibs/Hr) .50-.65 rbs/Hr. .51 Ubs/Hr. ——«525 Tbs/r. 
- Deactuation (Lbs/Hr) | 250-265 Ths/Hr. .50 Lbs/Hr. | -51 The/Hr. 
Low Vent Flow . | 
Actuation (ACM) 4525.3 ho5 ACEM AUS ACEM 
on ACEM | 4.51 ACFM 4.53 ACFM — 
Deactuation (ACFM) | | 
| Low PGA Pressure 
Actuation (PSID) 3.10-3.40 PSID 3.20 PSID 3.22 PSID 
Deactuation (PSTD) 3.40-3.10 PSID 3,25 PSTD 3.28 PSID } 
Low Feedwater Pressure _ | 
Actuation . | (PSTA) 1.30 PSTA 1.35 PSTA 1.43 PSTA 
Deactuation : (PSTA) 1.60 PSTA 1.39 PSTA | 1.52 PSTA 
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PISS Performance - Mission H-2_ 


_ PERFORMANCE 


PLSS, (cont'd) 


-Oxygen Regulator Characteristics 
Give three regulation points at 
Low, High, and Low flows for 
three bottle pressures: 


Bottle Pressure 100 PSTA 


1) (Lbs/Hr/PSID) .070-.080 Lbs /Hr 
2) 235-236 Lbe/Hr 
5) i 2070=.080 Lbs/ir 


Bottle Pressure 250 PSTIA 


: 1) (tbs/Hr/PSTD) .070=.080 Lbs /Hr 


2) - 965=675 Lbs /Hr- 
3). .070=.080 Lbs. /Hir 


Bottle Pressure 1120 PSTA 


1) ; 070-4080 Lbs /Hr 
2) 1.90-2.0 Lbs /Hr 
3) -070-.080 Lbs, /Hr 


-Feedwater Vent Orifice 


Flow at 49 PSID (cc/Min) 


Flow at 49 PSTD (tbs/Min) 
_#Stowage Plate Relief Valve 


Cracking Pressure 


. 


SPEC. 


3.90+0.15 


3.90+0.15 


309040015 — 


3.90+0.15 
3.90+0.15 
3.904015 


3. 9040.15 


3,800.25 


3900.15 


4oo-1h00cc/ 


2 Mins. 


4.5-6.0 
PSTD 


He-12 


‘CDR. 
PLSS 


021 


3.87 PSID 
3.82 PSID 
3.88 PSID 


3.90 PSID 
5,8). PSTD 


3.89 PSTD 


3.89 PSTD 
3.74 PSID 
3,88 PSID 


1250 cc/ 


2 Mins. 


6.0 PSID 


Auenanient 30 
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LMP. 


PLSS . 


- 020 


5, 8h PSTD 


3.82 PSTD 


| 3,84 PSTD 


3.86 PSTD 


3.84 PSTD 
3,85 PSTD 


3,88 PSTD 
3.71 PSID 


3.87 PSTD 


- 1200 cc/ 


2 Mins. ‘ 


5,2 PSD 
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PERFORMANCE 


(Pump Performance) at least three 
points, for each Diverter Valve 
position, of Flow vs Pressure Rise: 


Minimum Diverter Valve Position 


- 1) (Tbs/itin. /pst) 


2) 


3) 
4) 


5) 


3.7 Lbs/Min 
Min 


I 


N/A. 


Intermediate Diverter Valve 


1) (Lbs/Min, /PST) 


2) 


3) 


h) 


5) 


Maximum Diverter Valve 


1) (tbs/Min. /PST) 


2) 


3): 


h) 


Position 


Position 


3.7 Lbs/Min 
Min. 


t 


W/A 


3.7 Lbs/Min 
Min 
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N/A 


l 


SPEC. 


159#0.1 
-0.0 

7.50.1 

5.5+0.1 


3.5+0.1 


1,040.1 


1.90.1 

0. 6) 
7.5+0.1 
55+0.1 


3.5+0.1 


1.0+0.1 


1.9+0.1 
7.5+0.1 
5540.1 


3,540.1 
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CDR. LMP, | 
PLSS PLSS 
O21 020 


4.55 Lbs/Min 
1.9 AP 


1.25 Lbs/Min 


5.0 Lbs/Min 
525 AP 


4.1 Lbs/Min 
3.5 AP 


4,85 Lbs/Min 
1.0 AP 


5 Lbs/Min 
P 


5 Lbs/Min 
AP 


5 Lbs/Min 


He UF VO ARP PS 
oOo VN URHF Wo wo 
> 


° 
mS 


4.5 Lbs/Min 
1.9 AP 


2.6 Lbs/Min 
Tod AP 


3.4 Lbs /Man 


.5 AP 


Lbs/Min 
AP 


0 
5 
7 Lbs/Min 
0 


AP 


AP 


Ae: 


ee 
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ae } PLSS Performance - Mission H-2 _ 4/13/70 
= PERFORMANCE ee 
| SPEC, CDR. TMP, 
PLSS, (cont'd) oh PLSS | “LSS 
Sy ae 23 e 3 L.G+O.1 4.75 Lbs/Min ~ 4.4 Lbs /Min 


1.0 AP. 1.0 AP 
-Water Shutoff end Relief Valve | 


S Relief Pressure (PSID) 52.0-65.0 PSIG 63.0 PSIG . 64.0 PSTC 


Reseat Pressure (PSTD). 10.0 Min, 52.0 PSIG §«-58.5 PSIG 
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TRANSDUCER END TO END CALIBRATION 


PARAMETER - 


- 


PGA Pressure | 2.95-3.13 PSID 


3o9nh.1 PSTD 


Feedwater .tso7 
Pressure 


141.25 PSTA 
- 3.56-3.83 PSTA, 


70°F =75,.25°F 
71°F-86,2°F 


LCG Inlet Temp 


70°R~75. 25°F 
710F-86,2°F 


“Sub. Gas Out. 
Temp. 


1.10 PSTA. 


3.70 PSIA 


T™ Output 
3.06 PSID 
4.05 PSID 


| .90 PSTA 
3.63 PSTA 
73.0 OF 
75.0 OF 
B.0 OF 
5.0 OF 


Battery Gavan | 950.65 NS . 6 ome 


Battery Voltage} 15.8-17.8 ¥olts||16.65 volts | 16.7 volts|| 16.75 volts 16.75 volts 


POS Pressure. 915-980 PSTA 


597 1/2 = 661 
PSTA 


137 1/2 - 200 
PSTA 


961 PSTIA 


611 PSTA 


161 PSTA 


He-15 


. Oh PSTA 
611 PSTA 611 PSTA 
161 PSTA 155 PSTA 
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OPS 
-S/N 
-Leakage — . j 
Low Pressure External 


At 4.25 PSID (scc/Min) 


High. Pressure External 


At 6935 + 200 PSIG (scc/Hr) 


Internal Leakage 

Across Regulator § (SCC/Min) 

_ «Purge Flow Characteristics 
Flow Rate (Lbs/Hr) 


Bottle Pressure-Start (PSTA) 


-Stop (PSTA) 


Regulated Pressure - Maximum 
(PSID) 


-Minimum (PSD) 
-Make-up Flow Characteristics : 
Flow Rate (Los/Hr) 
Bottle Pressure (PsTA) 
Rerulated Pressure -Maximum -(PSID) 
| -Minimum (PSID) 
OPS Checkout Orifice 


Flow at 818 PSTA 


~ 


(Lbs/Hr) 


PERFORMANCE 


SPEC. 


.05 CC/Sec. 


-0056 CcC/Sec. 


200 SCC/Min 


8.3+1 Lb/Hr. 


485 Min 


in 40 Mins 


3.10 + 0.3 


0.3 Lb/Hr 
Max 


"H2-26 


CDR. LMP. 

015 030 

* 0000192 '.004'78 cc/Sec. 
cc/Sec. 

- 0009696 -,000378 cCc/Sec. 
cc/See. 


0.0 SCC/Min 60 scc/Min - 
: . 7 bce a 
| ) 
8.3 Lb/Hr 8.3 Lb/ir ‘ 
6700 PSTG 6200 PSTG 
1500 PSTG 1400 PSTG 
3.68 PSTD 3.65 PSTD 
3.52 PSTD 3.50 PSTD 
.08-. 14 .08-. 14 
6750 PSIG 6750 PSIG 
4 o 825. ) ® 91- 
3.65 3.79 
2215 .220 
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SPEC. 
OPS, (Cont'd) 
-OPS Checkout Gage - Actual 
Pressure when gage reads: 
c 1) 3.5 PSID +0.10 
2) 3.8 PSID +0.10 


OPS Quantity Gage +300 


f H2=27 


CDR. 


3.43 


3.82 


Actual 
Press 6750 
OPS 


read TOO 
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LMP. 


3.49 
3.79 


Actual 
Press 6750 


OPS 6800 
read 
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OPS Purge Mode Duration 


The data presented below, and in the curves which are referenced, are not 
meant for planning purposes but represent as precisely as possible the actual 
hardware characteristics of the Apollo 13 prime equipment. The data does not 


reflect any mission constraints or operating red lines. 


Curve No. 1 - Purge Valve Flow vs. "Suit Pressure" 
Curve No. 2 = OPS Outlet Pressure vs. Bottle Pressure 
Curve No. 3 = OPS Bottle Pressure vs. Time 


PGA S/N 078 PGA S/N 061 
TO DETERMINE DURATION OPS S/N 00015 OPS S/N 00030 


A. Avg. OPS Outlet Press. (Curve #2) 3.67 psia 3.63 psia 


Press. Drop Across Suit (OPS to -033 psi .031 psi 
Purge Valve) 


Avg. "Suit Pressure" (A-B) 3.64 psia 3.60 psia 


Actual Purge Flow (Curve #1) 7.50 lbs/hr 7.42 lbs/hr 


Duration in Purge Mode (Inverse 45.78 minutes | 46.31 minutes 
Ratio from Curve #3) 
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PERFORMANCE 


spec} ork | ae 


PGA - 
S/N . 078 061 088 
Leakage (SCC/MIN) 
@3.75 psid 180see/min 80 60 130 
Pressure Drop (in. H20) | 73°F 7h. 30F 
EV @ 6.0 scfm 18.6 + .l psia 55.13 max in L.H. 3.0 LH, 2.45 
-He0 
ATR (spec equi- 
valent ) 
IV @ 12.0 scfm 18.2 + .1 psia 15.1 max in L.H. 6.3 L.H. 6.15 
ae oe eS H20 R.H. 6.4 R.H. 6.6 
(spec equi- 
valent ) 
O2 - IV@12.0 scfm 18.2 + .1 16.2 max in 7.8 8.7 8.4 
psia HoO (spec 
equivalent ) 


Relief Valve 


Flow Rate (scfm @ 5.5 psig 4,2 Ded 
suit pressure 


Cracking Pressure (psid) 5.5 psi max 4.93 5.10 

Reseat Pressure (psid) 4.8 psi min 4.85 4.95 
PGA Cuff Gage Accuracy 

Actual Pressure when cuff gage + 0.15 psi 


reads: ; 
1) 3.0 psid 3.04 3.0 3.04 
2) 3.5 psid 3.52 3.52 3353 
3) 4.0 psid 4.02 4,02 4.05 
4) 4.5 psid 455 15 4.52 
5) 5.0 psid 5.02 5.0 5.0 
365 psid 5253 5.52 5052 
6) 6.0 psid 6.0 6.0 6.03 
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PERFORMANCE 


s/N 095 086 
Pressure Drop @ 19.0 psig inlet 


At least six points of flow vs. 
pressure drop 


1) (Zbs/Min) 3.0 a 1.3 4 
2) 3.5 1.8 1.6 
zo ec: | 2.0 1.8 
h) 4.0 2.1 2.0 
5) 4.3 2.4 2.3 
6) 4.5 . 2.6. 2.4 
7) 4.8 | 2.9 2.8 
8) 5.0 . 3.1 2.9 


Purge Valve 
s/n . 6 147 
Flow Rate @ 4.0 + 0.05 psia (1b/ 8.1+0.3 8.0 lbs_/Hr 8.0 1bs,,/Hr 
Hr. ) lbsm/Hr at | 
90°F O2 and 
4.0 + .05 
psia 
Leakage @ 3.85 + 0.15 4 sec/min h he 


(Valve Closed) ~  (Scc/MmmN) 
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Apollo 13 Heat Leaks 
The nominal heat leak for Apollo 13 EVA#1 is minus 75 Btu/hr. 


The nominal heat leak for Apollo 13 EVA#2 is minus 10 Btu/hr. 


The worst case heat leak for both EVA's is plus 280 Btu/hr. 
(Considering operation in some of the more severe craters in 
the landing site.) 
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